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The  rapid  increase  wliicli  has  recently  taken  place  in  the  use  of  the 
Microscope,— hotk  as  an  instrument  of  scientific  research.,  and  as  a 
means  of  gratifying  a laudable  curiosity  SjUd  of  obtaining  a bealtb- 
ful  recreation, — has  naturally  led  to  a demand  for  information, 
both,  as  to  tbe  mode  of  employing  the  Instrument  and  its  appur- 
tenances, and  as  to  the  Objects  for  whose  minute  examination  it  is 
most  appropriate.  This  information  the  Author  has  endeavoured 
to  supply  in  the  following  Treatise ; in  which  he  has  aimed  to 
combine,  within  a moderate  eompass,  that  information  in  regard 
to  the  use  of  his  Instrument  and  its  Appliances  which  is  most 
essential  to  the  working  Microscopist,  with  such  an  account  of  the 
Objects  best  fitted  for  his  study  as  may  qualify  him  to  comprehend 
what  he  observes,  and  thus  prepare  him  to  benefit  Science  whilst 
expanding  and  refreshing  his  own  mind.  The  sale  of  five  large 
Editions  of  this  Manual,  with  the  many  spontaneous  testimonies 
to  its  usefulness  which  the  Author  has  received  from  persons  pre- 
viously unknown  to  him,  justify  the  belief  that  it  has  not  inade- 
quately supphed  an  existing  want;  and  in  the  preparation  of  the 
new  Edition  now  called-for,  therefore,  he  has  found  no  reason 
to  deviate  from  his  original  plan,  whilst  he  has  endeavoured  to 
improve  its  execution  as  to  every  point  which  seemed  capable  of 
amended  treatment. 

In  his  account  of  the  various  forms  of  Microscopes  and  Accessory 
Apparatus,  the  Author  has  not  attempted  to  describe  every  thino- 
which  is  used  in  this  country  ; still  less,  to  go  into  minute  details 
respecting  the  construction  of  foreign  instruments.  He  is  satisfied 
that  in  nearly  all  which  relates  both  to  the  mechanical  and  the 
optical  arrangements  of  their  instruments,  the  chief  English 
Microscope-makers  are  quite  on  a level  with,  if  not  in  advance  of, 
their  Continental  rivals ; but,  on  the  other  hand,  the  latter  have 
supplied  instruments  which  are  adequate  to  all  the  ordinary  pur- 
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poses  of  scientific  reeearch,  at  a lower  price  tian 

faotnre  in  ttis  direction.  In  the  selection  of  Instruments  for 
description  whicli  it  was  necessary  for  him  to  make,  he  ^iiists 

he  will  be  found  to  have  done  adequate  ^ 

most  claim  to  honourable  distinction.  His  principle  has  been  to 
make  mention  of  such  Makers  as  have  distinguished  themselves  by 
the  introduction  of  any  new  pattern  which  he  regards  as 
special  recommendation  ; those  who  have  simply  copied  the  patterns 
of  others  without  essential  modification,  receiving  no  such  ^ecogm- 
tion,-not  because  their  instruments  are  m/erior,  but  because  they 

“in”t:Snt'of  the  Applications  of  the  Microscope  the  A^hor 
has  constantly  endeaTOnied  to  meet  the  wants  of  such  as  come  to 
the  study  of  ihe  minute  forms  of  Animal  and  Tegetable  life  with 

little  or  no  prerions  scientific  preparation,  f “ 

thing  more  than  a mere  ,igM  of  the  objects  to  which  their  obser- 
vation may  be  directed.  Some  of  these  may  perhaps  “»>]ect  to  the 
general  tone  of  his  work  as  too  highly-pitched,  and  may 
he  might  have  rendered  his  descriptions  simpler  by 
fewer  Scientific  terms.  But  he  would  reply  that  he  has  had  much 
opportunity  of  observing  among  the  votaries  of  the  Microscope  a 
deL  for  such  information  as  he  has  attempted  to  convey  ; and 
that  the  use  of  scientific  terms  cannot  be  casUy  dispensed  witt, 
since  there  arc  no  others  in  which  the  facts  can  be  read  y - 
pressed.  As  he  has  made  a point  of  explaining  these  in  t e 
idaces  where  they  are  first  introduced,  he  cannot  think  that  any 
of  his  readers  need  find  much  difficulty  in  apprehending  their 

“Thrproportion  of  space  allotted  to  the  several  departments  has 
been  dLrmined  not  so  much  by  their  Scientific  importance,  as 
ky  tbeir  special  interest  to  tbe  amateior  Microscopist , and  the  re- 
membrance of  this  consideration  will  serve  to  account  for  much 
that  might  otherwise  appear  either  defective  or  redundant.  T us, 

the  Author  has  specially  dwelt  on  those  humble  o ege  a e 

and  Animal  life,  which  the  diligent  collector  is  most  likely  to  meet 
with,  and  which  will  fully  reward  his  most  attentive  scrutiny.  And 
he  has  endeavoured,  in  his  account  of  them,  to  interest  his  readers 
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in  the  knowledge  to  be  drawn  from  their  study,  as  to  those  funda- 
mental phenomena  of  living  action  which  are  now  universally 
admitted  to  constitute  the  basis  of  Physiological  science ; thus 
giving  to  the  portion  of  his  Treatise  which  treats  of  Protophytic 
and  Protozoic  organisms,  the  character  of  a General  Introduction 
to  the  study  of  Biology,  which  will,  he  hopes,  prove  specially  useful 
to  such  as  desire  to  follow  this  study  into  its  higher  v/alks.  On 
the  other  hand,  the  Author  has  felt  the  necessity  of  limiting  within 
a narrow  compass  his  treatment  of  various  important  subjects 
which  are  fully  discussed  in  Treatises  expressly  devoted  to  them 
(such,  for  example,  as  the  structure  of  Insects,  and  Yei’tebrate  His- 
tology), in  order  that  he  might  give  more  space  to  those  on  which 
no  such  sources  of  inforniation  are  readily  accessible.  For  the 
same  reason,  he  has  omitted  all  reference  to  the  Embryonic  De- 
velopment of  Yertebrated  Animals, — -a  study  that  is  second  to  none 
in  scientific  interest,  but  can  only  be  advantageously  taken  up  by 
the  Microscopist  who  has  been  trained  to  the  pursuit.  And  he  has 
found  himself  obliged  to  content  himself  with  a mere  indication  of 
the  new  and  important  facts  now  being  brought  to  our  knowledge 
by  Microscopic  enquiry,  in  regard  to  the  Deposits  at  present  in 
progress  on  the  bottom  of  the  Deep  Sea,  the  Mineral  constitution 
of  Sedimentary  and  Igneous  Eocks,  and  other  branches  of  Micro- 
Petrological  enquiry,  which  are  throwing  a fiood  of  new  light  on  the 
past  history  of  the  Crust  of  the  Earth. 

It  has  been  the  Author’s  object  throughout,  to  guide  the  possessor 
of  a Microscope  to  the  intelligent  study  of  any  department  of 
Biology,  which  his  individual  tastes  may  lead  him  to  follow-out, 
and  his  individual  circumstances  may  give  him  facilities  for  pur- 
suing. And  he  has  particularly  aimed  to  show,  under  each  head, 
how  small  is  the  amount  of  trustworthy  knowledge  already 
acquired,  compared  with  that  which  remains  to  be  attained  by  the 
zealous  and  persevering  student.  Being  satisfied  that  there  is  a 
large  quantity  of  valuable  Microscope-power  at  present  running  to 
waste  in  this  country, — applied  in  such  desultory  observations 
as  are  of  no  service  whatever  to  Science,  and  of  very  little  to 
the  mind  of  the  observer, — he  will  consider  himself  well  rewarded 
for  the  pains  he  has  bestowed  on  the  production  and  revision  of  this 
Manual,  if  it  should  tend  to  direct  this  power  to  more  systematic 
labours,  in  those  fertile  fields  which  only  await  the  diligent  cultivator 
to  bear  abundant  fruit. 

In  all  that  concerns  the  ivorlcing  of  the  Microscoi)e  and  its 
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appurtenance.,  the  Author  has  mainly  drawn  upon  ^ 
pericnce,  which  dates-baci  almost  to  the  time  when 
Object-glasses  were  first  conetraoted  in  this  country  1“ 

Edition,  he  felt  himself  obliged  by  ^ 

by  Official  duties  upon  his  time  and  *?  “'*  *° 

that  this,  iiKe  tne  resu  accordingly  taken  mncli  trouble 

bis  own  matured  views;  and  has  accoraing  y abke 

to  acquaint  himself  thoroughly  with  such  recent 
in  the  theory  and  in  the  practice  of  Microscopy,  as  could  he  most 

‘^‘SrdLgiy,”hfhM*^^^  at  pp.  18(^191  a concise  account 
ofthe  Sion.theory-  of  Prof.  Abbe,  winch  has  -w  pven  the 
complete  raiionah  of  the  relation  between  the  7^7 

of  Obiectives  and  their  ‘resolving  power.  Th. 

this  up  by  a discussion  of  the  question  (pp.  191-206)  whether  t e 
opening-ont  of  the  angular  aperture  to  its  extremest  Ws  is  the 
end  to  be  specially  aimed-at  in  the  construction  of  O^^ective^  for 
the  highest  kinds  of  Biological  research ; in  other  words,  ^f^ethe 
an  Objective  which  resolves  tbe  most  difficult  Diatom-tests,  is  o 
that  account  the  one  best  suited  for  following  the  Me^rj  oi  a 
Monad,  or  for  studying  the  development  of  a problematical  BaciZhts- 
organism.  Having  the  misfortune  to  differ  in  opmion  on  this  point 
frL  certain  American  Microscopists,who  are  distinguished  by  their 
expertness  in  the  resolution  of  lined  tests  by  Objectives  of  the 
largest  angular  aperture,  and  who  enthusiastically  advocate  the  use 
of  such  Objectives  as  the  only  powers  to  be  trusted  for  Biolo^cal 
research,  he  has  requested  his  friend,  Mr.  DaUinpr  (than  whom 
there  can  be  no  higher  authority  on  such  a question),  to  give  m 
the  benefit  of  Ms  experience  thereon.  And  he  is  authorized  by  Mr. 
Ballinger  to  express  his  enti/re  concurrence  in  the  opmion  uniformly 
upheld  by  the  Author,  that  great  ‘resolving  power’ is  only  excep- 
tionally needed  in  the  most  difficult  Biological  investigations ; what 
is  especially  required  for  the  study  of  living  and  moving  orgamsim 
being  such  crisp  and  clear  definition,  good  working  distance,  and 
considerable  focal  depth,  as  high-power  Objectives  of  the  widest 
aperture  cannot  afford.  These  qualities  are  so  admirably  combined 
in  the  ‘dry’  l-35th  of  ‘ moderate  angle’  constmcted  to  Mr. Ballinger’s 
order  by  Messrs.  PoweU  and  Lealand,  that  he  has  been  able  to  do 
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work  (of  the  kind  just  specified)  with  this  Objective,  which  it 
would  have  been  simply  impossible  for  him  to  do  with  the  oil- 
immersion  l-25th  of  the  same  makers,  although  this  far  surpasses 
their  l-35th  in  ‘ resolving’  power. — When  Prof.  J.  Edwards  Smithy 
and  those  who  side  with  him>  shall  have  produced  Biological  work 
of  anything  like  the  same  nature  and  quality  as  that  of  Mr. 
Ballinger,  it  will  be  interesting  to  know  the  results  of  their  more 
extended  experience. 

On  another  point  of  great  practical  importance,  the  Author  has 
thought  it  worth  while  to  avail  himself  of  Mr.  Ballinger’s  unrivalled 
experience, — the  utility  of  ‘ deep  eye-piecing.’  Eor  he  has  seen  with 
astonishment  that  the  enthusiastic  American  advocates  of  the 
widest  angles  for  Objectives  of  moderate  power,  are  claiming  for 
such  objectives  the  advantage  that  they  may  be  worked-up  to  any 
amount  of  ampHfication  by  sufficiently  ‘ deep  eye-piecing ;’  solid 
eye-pieces  of  half  or  even  a quarier  of  an  inch  being  now  spoken-of 
as  in  ordinary  use.  He  does  not  for  a moment  doubt  that  difficult 
lined  tests  may  be  thus  shown;  but  that  it  is  far  less  trying  to  the 
vision,  when  exercised  in  continuous  worh,  to  gain  the  needed 
amplification  by  a high  Objective  and  shallow  Eye-piece,  than 
by  a low  Objective  (however  wide  its  angle)  and  deep  Eye-piece, 
experience  long  ago  satisfied  him.  Hot  having  thus  exercised  his 
eyes,  however,  upon  objects  requiring  the  high  amplifications  used 
by  Mr.  Balhnger,  he  was  fully  prepared  to  submit  his  own  judg- 
ment on  this  question  to  that  of  a gentleman  who  has  so  well  earned 
his  title  to  pronounce  an  authoritative  verdict  upon  it ; but,  so  far 
from  having  in  the  least  to  give  way,  the  Author  finds  himself  sup- 
ported by  Mr.  B.  in  the  most  emphatic  way.  For  he  learns,  not  only 
that  Mr.  B.’s  experience  in  the  study  of  the  most  difficult  Biolo- 
gical objects  satisfies  him  of  the  immense  superiority  of  the  highest 
Objective  that  admits  of  good  working  distance,  combined  with  a 
low  Eye-piece,  over  the  ‘ strained  amplification’  given  by  a 4-lOths, 
a l-4th,  or  even  a l-8th,  with  deep  eye-pieces  ; but  that  Mr.  B.  is 
satisfied  that  if  he  had  tried  to  do  the  work  of  the  last  ten  years  on 
the  latter  plan,  “ he  would  be  now  blind,  instead  of  possessing  as 
good  and  sensitive  a sight  as  he  had  ten  years  ago.” — As  it  has  been 
pohtely  suggestedby  an  American  controversialist,  that  the  Author’s 
inability  to  appreciate  the  supreme  value  of  wide  aperture  may  be 
due  to  the  senile  deterioration  of  his  vision,  the  Author  is  happy 
to  be  able  to  state  that, — thanks  to  his  habit  of  using  shallow  Eye- 
pieces, and  of  never  persisting  in  MicrosCope-work  when  he  has  felt 
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visual  fatigue, -Hs  eyes  are  now  - 

when  he  began  so  endeavoured  by  a careful  and 

He  has  only  to  . ^ to  render  it  as  serviceable  as 

thorough  revision  of  the  Besides  intro- 

possible  to  those  for  whom  it  is  , first  four  chapters,  he 

Ling  a large  amount  of  new 

has  entirely  re-writo  Chap.  •>  Imbedding,  and  Section- 

of  those  methods  of  Harde^g,  +fn-nized  manv  departments 

cutting,  wMoh  completely  re— 

of  Microeeopio  Lch  uew  matter  has  been  m- 

ffit”gard/theS« 

additions  have  also  been  made  (Chap  XXL)  m reg^a 
apphcations  of  the  Microscope  to  G-eolo^cal  enq  ^ 
other  instances,  references  have  been  made 
information  upon  recent  discoveries  of  interest, 

to  the  necessary  limits  of  his  book  made  it  requisite  foi  the  Author 

to  dismiss  with  a mere  mention.  -Unon  ndilpd  ffor 

Ho  fewer  than  -ew  Wood-engramngs  hav  b 

the  use  of  eleven  of  which  the  Author  is  ^ 

of  the  Linn^an  Society),  besides  the  reproduction  of  ^ of-  ^ oh 
beautiful  Plate  of  Volvox,  which  now  forms  the  Prontispi  . 

To  such  as  feel  inclined  to  take  up  the  use  of 

a means  of  healthful  and  improving  ««°^P^^;°Vpnco^rLment 

ployed  hours,  the  Author  would  ofier  t^s  wor  ° being 

Lhat,  notwithstanding  the  number  of  recruits 

added  to  the  vast  army  of  Microscopists,  and  the 

its  conquests,  the  inexhaustibility  of  Nature  is  constantly  ^eco^g 

more  and  more  apparent;  so  that  no  appre  ension  n 

that  the  Microscopist’s  researches  can  ever  be  lougi 

for  want  of  an  object ! 

London,  May,  1881. 


I 


I 


TABLE  OF  CONTENTS. 


CHAPTER  I. 


OPTICAL  PEINCIPLES  OP  THE  MICEOSCOPE. 

PAGE 


Laws  of  Refraction : — Splierical  and  Chromatic  Aberration  ...  1 

Construction  of  Achromatic  Objectives  .......  14 

Immersion  Systems  .........  18 

Simple  Microscope • . . .21 

Compound  Microscope  ..........  25 

Principles  of  Binocular  Vision  ........  29 

Stereoscopic  Binocular  Microscopes  .......  32 

Nachet’s  ...........  33 

Wenham’s ...........  34 

Stephenson’s 36 

Tolies’  Binocular  Eyepiece  ........  39 

Nachet’s  Stereo-pseudoscopic  Binocular  . ...  . .39 

Special  value  of  Stereoscopic  Binoculars  .....  42 


CHAPTER  II. 

CONSTETJCTION  OF  THE  MICEOSCOPE. 


General  Principles 

, 

PAGE 

47 

Simple  Microscopes 

50 

Ross’s 

51 

Quekett’s  Dissecting . 

. 

53 

Siebert  & Kraft’s  Dissecting 

54 

Laboratory  Dissecting 
Beck’s  Dissecting 

and 

55 

Nachet’s  Binocular 
Field’s  Dissecting 

and 

57 

Mounting 

. 

59 

Compound  Microscopes  . 

61 

Educational  Microscopes  . 

. 

63 

Field’s 

63 

Crouch’s  . 

63 

Parkes’s  . 

63 

Students'  Microscopes  . .66 

Baker’s  . . . .70 

Collins’s  . . . .71 

Pillischer’s  (International).  72 
Ross’s  (Zentmayer)  . .73 

Wale’s  (New  Working)  . 74 
Nachet’s  . . . .76 

Browning’s  (Rotating)  . 78 
Crouch’s  (Binocular)  . 78 

Baker’s  (Erecting  ditto)  . 79 
Second  Glass  Microscopes  . 80 

Powell  and  Lealand’s  . 80 

Beck’s  (Popular  Binocular)  82 
Collins’s  (Harley  Binocular)  82 
Swift’s  (Challenge)  . . 84 

Browning’s  Smaller  Ste- 
phenson Binocular .'  .85 


X 


TABLE  OF  COKTENTS. 


First  Class  Microscopes 
Koss’s  (Ross  Model)  . 
Ross’s  (J  ackson-Zentmayer) 
Powell  and  Lea-land’s 
Beck’s  . . . • 

Beck’s  (Improved) _ . 
Microscopes  for  Special 
poses 


PAGB 

87 

88 

89 

90 

91 
91 


Fur- 


92 


PAGE 

Beale’s  Pocket  and  Demon- 
strating . . .92 

Baker’s  Travelling  . . 93 

Swift’s  Portable  . • 94 

Nacbet’s  Gbemical  . . 95 

Non- Stereoscopic  Binoculars  . 98 

Powell  and  Lealand’s  . 98 

Wenbam’s  . • .99 


CHAPTER  III. 


ACCESSORY  APPARATUS. 


Amplifier  . • ' . • 

Draw-Tube  . . • • 

Lister’s  Erector 
Micro-Megascope  . . 

Nachet’s  Erecting  Prism  . 
Micro-Spectroscope  . 

Micrometric  Apparatus  . 
Goniometer  . 

Diaphragm  Eye- piece  and  Indi- 
cator . . . • • 

Camera  Lucida  and  other  Draw- 
ing Apparatus 

Nose-piece  . . . . 

Finders  . . . • 

Diaphragms  . . . • 

Achromatic  Condensers  . 
Webster  Condenser  . 

Oblique  Illuminators 
Amici’s  Prism  ... 
Black-Ground  Illuminators 


100 

101 

101 

102 

103 

104 
108 
111 

112 

112 

116 

117 

119 

120 
121 

123 

124 

125 


Wenbam’s  Reflex  Illuminator  .128 
Light-Modifiers  . - • 130 

Polarizing  Apparatus  . .131 

Swift’s  Combination  Sub-Stage.  133 
Side  Illuminators  for  Opaque 


Objects 
Parabolic  Speculum  . 
Lieberkuhn 
Vertical  Illuminators 
Stephenson’s  Safety  Stage 
Stage-Forceps  and  Vice  . 
Disk-holder  and  Object-holder 
Glass  Stage-Plate  . 

Growing  Slides 
Aquatic  Box  and  Cells 
Zoophyte-Trough 
Compressors 

Dipping  Tubes  . ^ 

Glass  S^yringe  . 

Forceps  . . • • 


135 

137 

138 

140 

141 

142 

143 

144 
144 
146 

148 

149 

151 

152 
152 


CHAPTER  IV. 

MANAGEMENT  OE  THE  MICROSCOPE. 


Table  and  Cabinet  . . 

Daylight  and  Lamps 
Position  of  Light 
Care  of  the  Eyes 
Care  of  the  Microscope 
General  Arrangements 
Focal  Adjustment  . 
Adjustment  of  Object-Glass 


. 154 
. 155 
. 157 
. 158 
. 159 
. 160 
, 162 
. 165 


Airangeinfeht  for  Transparent 
Objects  . • • .168 

Arrangement  forOpa^ue  Objects  175 
Errors  of  Interpretation  . . 179 

Effects  of  Diffraction  . . 184 

Relative  Qualities  of  Objectives  191 
Test-Objects  ....  197 
Determination  of  Magnifying 
Power 206 


TABLE  OF  CONTENTS 


XI 


CHAPTER  V. 

PBEPAKATION,  MOTTHTING,  AND  COLLECTING  OF  OBJECTS. 


PAGB 

Materials,  Instruments,  and 


Appliances  .... 

208 

Glass  Slides 

208 

Thin  Glass 

209 

Varnishes  and  Cements 

211 

Cells  for  Mounting  Objects 

214 

Wooden  Slides  for  Opaque 

Objects  .... 

218 

Turn-Table 

219 

Mounting  Plate  and  Water 

Bath  . . . . 

221 

Slider-Forceps,  Spring-Clip, 

and  Spring-Press  . 

221 

Mounting  Instrument 

222 

Dissecting  Apparatus 

223 

Microtomes  and  Section- 

cutting . . . . 

225 

PAGE 

Preparation  and  Mounting  of 
Objects  ....  232 
Imbedding  Processes  . 232 
Grinding  and  Polishing 
Sections  of  Hard  Sub- 
stances . . . .235 

Decalcifying  Process  . . 240 

Hardening  of  Animal  Sub- 
stances ....  241 
Staining  Processes  . . 244 

Chemical  Testing  . 249 

Preservative  Media  . . 250 

Mounting  Thin  Sections  . 255 
Mounting  in  Canada  Balsam  257 
Mounting  Objects  in  Cells  . 258 
Labelling  and  Preserving 
of  Objects  . . . 261 

Collection  of  Objects  . .262 


CHAPTER  YI. 

MICROSCOPIC  FORMS  OF  VEGETABLE  LIFE: — SIMPLER  ALG^. 


Protoplasm — Vegetable 

and 

Nostochaceae  . 

. 297 

Animal 

, 

266 

Siphonaceae  . 

. 297 

Relation  between  Vegetable 

Confervaceae  . 

. 302 

and  Animal  Kingdoms 

267 

Qlldogonieae  . 

. 305 

Vegetable  Cells  in  general 

, 

269 

Chaetophoraceae 

. 307 

Protophytic  Algce  . 

275 

Batrachospermeae  . 

. 307 

Conjngatese  . 

282 

Characeae 

. 308 

Volvocinese 

283 

Palmellacese  . 

291 

Desmidiace.® 

. 312 

Ulvacese 

293 

Pediastreae 

. 322 

Oscillatoriacem 

• 

295 

DiATOMACEjE 

. 325 

CHAPTER  VII. 

PROTOPHYTIC  AND  OTHER  FUNGI. — LICHENS. 

Fungi  differentiated  from  Algge 

367 

Parasitic  Fungi 

. 377 

Schizomycetes 

, 

367 

Myxomycetes 

. 387 

Fermentative  Action 

• 

373 

Lichens 

. 392 

CHAPTER  VIII. 

MICROSCOPIC  STRUCTURE 

OF  HIGHER  CRYPTOGAMIA. 

Algae  .... 

395 

Ferns  .... 

. 412 

Hepaticae 

401 

Equisetaceae  . 

. 418 

Mosses  .... 

405 

Rhizocarpeae  . 

. 420 

Sphagnuceae  . 

. 

410 

Lycopodiaceae 

. 420 

Xll 


TABLE  OF  CONTENTS. 


CHAPTEK  IX. 


MICEOSCOPIC  8TEECTUEE  OE  PHANEEOGAMIC  PLANTS 


page 


Distinctive  peculiarities  of 
Phanerogamia  . • • 

Elementary  Tissues  . ‘ 

Structure  of  Stem  and  Root  . 440 


PXGS 


Straoture  of  Epidermis  and 
Leaves  . . • • 

Structure  of  Flowers 
Fertilization. — Seeds 


453 

460 

464 


CHAPTER  X. 


MICKOSCOPIC  POEMS  OP  ANIMAL  LIPE : PEOTOZOA. 


Protozoa 
Monerozoa  . 
Rhizopoda 

Reticularia 


468 

469 
475 
477 


Heliozoa  . 

Lobosa  . 

Coccoliths  and  Coccosplieres 
Gregariuida  . 


CHAPTER  XI. 


animalcules  inpusoeia  and  eotipeea. 


480 

486 

491 

494 


Infosobia 

Flagellata 
Cilio-flagellata 
Suctoria . 


. 496 

. 498 
. 511 
. 513 


Infusoria  continued  ; — 
Ciliata  . 
Rotifeka 

Tardigrada  . 


CHAPTER  XII. 


poeaminipeea  and  polycystina. 


Foeaminifera 
Porcellanea 
Arenacea 
Vitrea  . 

Eozobn  Canadense  . 


543 

549 

558 

568 

587 


Radiolaeia  . 
Discida  . 
Polycystina 
Acanthometrina 
Collozoa  . 


CHAPTER  XIII. 


SPONGES  AND  ZOOPHYTES. 


SrONOES  . . ■ • 

Zoophytes  . . . • 

Hydrozoa  . ■ • 

Production  of  Medusoids  . 


603 

609 

610 
614 


Zoophytes  continued : — 
Acalephse 
Actinozoa 
Ctenophora 


. 516 
. 529 
. 541 


. 595 
. 598 
. 599 
. 600 
. 600 


. 620 
. 623 

. 627 


TABLE  OF  CONTENTS. 


Xlll 


CHAPTEE  XIY. 

E CHINODEBMAT'A. 


Structure  of  Skeleton 


POLTZOA 


PAGE 


. 630 


Eckinbderm-Larvge 


CHAPTEE  XV. 


POLTZOA  AND  TUNICATA. 

. 650  1 Tdnicata 


PAGE 

642 


. 657 


CHAPTEE  XVI. 


MOLLUSCOUS  ANIMALS  GENEBALLY. 


Structure  of  Shells  . . 666 

Palate  of  Gasteropods  . . 678 

Development  of  Mollusks  . 682 


Ciliary  motion  on  Gills  . . 689 

Organs  of  Sense  of  Mollusks  . 690 

ChromatophoresofCephalopods  691 


CHAPTEE  XVII. 


ANNULOSA 

OB  WOBMS. 

Entozoa 

693 

Annelida 

698 

Tckbellaeia 

• 

696 

Development  of  Annelids 

700 

CHAPTEE  XVIII. 

CBUSTACEA. 

Ptcnogonida 

707 

ClEEHIPEDA  .... 

717 

Entomostraca 

. 

709 

Malacostraca 

719 

SuCTOHIA 

716 

Metamoi-pbosis  of  Deca- 

pods  .... 

720 

CHAPTEE  XIX. 

INSECTS  AND 

ABACHNIDA. 

Number  and  variety  of  Objects 

Wings  ..... 

750 

afforded  by  Insects 

, , 

722 

Feet  . ■•  . 

752 

Stnicture  of  Integument 

. 

724 

Stings  and  Ovipositors  . 

755 

Scales  and  Hairs  . 

725 

Eggs  . .... 

756 

Eyes 

, 

7.35 

Agamic  Eeproduction 

757 

Antennse 

, , 

738 

Embryonic  Development 

758 

Mouth  . 

740 

Circulation  of  the  Blood 

745 

Acarida 

759 

Respiratory  Apparatus 

. 

746 

Parts  of  Spiders 

761 

xiv 


• TABLE  OF’ CONTENTS. 


CHAPTER  XX. 


VERTEBUATED  ANIMALS. 


Elementary  TiBBues 
Cells  and  Fibres 
Bone  . . • • 

Teetb 

Scales  of  Fish . 

Hairs  . . . • 

Feathers . . . • 

Hoofs,  Horns,  &c.  . 

Blood  . . • 

Wliite  and  Yellow  Fibres 
Skin,  Mucous  and  Serous 
Membranes  . 


PAGE 

763 

765 

767 

771 

774 

777 

780 

781 

782 
787 

789 


Epidermis 
Pigment-Cells 
Epithelium 
Fat 

Cartilage 
Glands  . 

Muscle  . 

Nerve 

Circulation  of  the  Blood 
Injected  Preparations 
Vessels  of  Respiratory  Organs 


PAGE 

791 

791 

792 

794 

795 

796 

797 
801 
804 
810 
817 


CHAPTER  XXI. 


application  op  the  MICK.OSCOPE  TO  GEOLOGY. 


Fossilized  Wood,  Coal  . . 820 

Fossil  Foraminifera ; Chalk  . 823 

Organic  materials  of  Lime- 
stones ....  828 


Fossil  Bones,  Teetb,  &c. 
Inorganic  materials  of  Rocks  . 
Nachet’s  Mineralogical  Micro- 
scope   


831 

833 

836 


CHAPTER  XXII. 


LNOBGANIC  OB  MINEBAL  KINGDOM. — POLABIZATION. 


Mineral  Objects 
Crystallization  of  Salts 
Molecular  Coalescence 


. 839 
. 840 
. 845 


Organic  Structures  suitable  for 
Polariscope 
Micro-Chemistry  . 


845 

8.48 


APPENDIX. 


“Numerical  Aperture”  and 
“Angular  Aperture”  . . 850 

Watson’s  New  Model  Micro- 
scopes ....  854 


Swift’s  “Wale”  Model  Students’ 
Microscope  ....  856 

Nachet’s  Objective-carrier  . 856 


Plate. I. 


wS»*t**S22f!i<^ 


gy.-»5*«i'»^eiaa(e5 


EXPLANATION  OF  THE  PLATES. 


FEONTISPIECE. 

8KXUAL  GENERATION  OF  VOLVOX  GLOBATOR  (after  Cohn). 

Fig,  1,  Sphere  of  Volvox  globator,  at  the  epoch  of  sexual  generation:  a, 
sperm-cell,  containing  cluster  of  antherozoids ; a^,  sperm-cell  showing  side- 
view  of  discoidal  cluster  of  antherozoids ; a^,  sperm- cell  whose  cluster  has 
broken  up  into  its  component  antherozoids;  sperm-cell  partly  emptied 
by  the  escape  of  its  antherozoids ; b b,  flask-shaped  germ-cells,  showing  great 
increase  in  size  without  subdivision ; b^,  b^,  germ-cells  with  large  vacuoles  in 
their  interior ; 6®,  germ-cell  whose  shape  has  changed  to  the  globular. 

2.  Sexual  cell,  a,  distinguishable  from  sterile  cells,  b,  by  its  larger  size, 

3.  Germ-cell,  with  antheroids  swarming  over  its  endochrome. 

4.  Fertilized  germ-cell,  or  obsphere,  with  dense  envelope. 

5.  Sperm-cell,  with  its  contained  cluster  of  antherozoids,  more  enlarged, 

6.  Liberated  antherozoids,  with  their  flagella. 

PLATE  I.  (face  p,  xv,), 

VARIOUS  FORMS  OF  DIATOMACBiE. 

Fig,  1.  Actinocyclus  Balfsii. 

2.  Asterolampra  concinna. 

3.  Heliopelta  (as  seen  with  black-ground  illumination), 

4.  Aster  omphalus  BrooTceii^ 

5.  Aulacodiscus  Oreganus. 


PLATE  II.  (face  p.  1). 

ECHINUS-SPINE  (Original),  and  podura-scale  (after  E.  Beck), 

Fig.  1,  Transverse  section  of  Spine  of  Echinometra  heteropora. 

2.  Markings  on  Scale  of  Podura,  as  seen  by  transmitted  light  under  a 
well-corrected  l-8th  inch  Objective. 

3.  Partial  obliteration  of  tbe  markings  by  the  insinuation  of  moisture 
between  the  Scale  and  the  Covering-glass. 

4.  Appearance  of  the  markings,  when  the  Scale  is  illuminated  from  above 
by  oblioue  light  falling  at  right  angles  to  them. 

5.  rhe  same,  when  the  light  falls  on  the  Scale  in  the  direction  of  the 
markings. 


PLATE  III.  (p.  78). 

crouch’s  students’  BINOCULAR. 
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PLATE  IV.  (p.  82). 

beck’s  popular  microscope. 

PLATE  V.  (p.  89). 

ROSS’s  IMPROYED  JACKSON-ZENTMAYER  MICROSCOPE. 


PLATE  VI.  (p.  91). 

MESSRS,  beck’s  LARGE  MICROSCOPE. 

PLATE  VII.  (p.  90). 

POWELL  AND  LEALAND  S LARGE  MICROSCOPE. 

PLATE  VIII.  (p.  276). 

DEVELOPMENT  OF  pALMOGLiEA  AND  PROTOCOCCD8  (after  BrauD  and  Cohn). 

Fig  1,  A — I.  Successive  stages  of  binary  subdivision  oi  Pahnoglcea ; k m, 

'.till'  form  .-o,  multi- 

plication  of  ‘motile’  form  •,  h— l,  different  phases  of ‘motile  condition. 

PLATE  IX.  (p.  284). 

development  of  volvox  globator  (alter  Williamson). 

Fiu.  1.  Young  Volvox;  a,  primordial  cell  of  secondary  sphere;  h,  poly- 
gonal masses  of  endochrome,  separated  by  hyaline  substance. 

2.  The  same  more  advanced ; a,  a,  polygonal  masses  of  endochrome , 
h h,  their  connecting  processes  ; c,  primordial  cell  of  secondary  sphere. 

’ 3.  The  same  more  advanced,  showing  an  increase  m the  size  of  the  con- 
necting processes,  a,  a,  and  duplicative  subdivision  of  the  pnmordial  cell. 

4.  The  same  more  advanced,  showing  the  masses  of  endochrome  more 
widely  separated  by  the  interposition  of  hyaline  substance,  and  each  furnished 
with  a pair  of  flagella  ; whilst  the  primordial  cell,/,  has  undergone  a second 

se|m^tation.of  of  a mature  Volvox,  showing  the  wide 

separation  of  the  endochrome-masses  still  connected  by  the  processes  h,  6 ; the 
lines  of  areolation,  c,  dividing  the  hyaline  substance ; and  the  long  flagella,  e. 

6,  7,  8.  Secondary  sphere,  or  macro-gonidium,  developed  by  the  progres- 
sive segmentation  of  the  primordial  cell.  , • it 

9 Single  cell  from  the  wall  of  a mature  Volvox,  showing  the  endochrome 
mass,  h,  to  contain  two  vacuoles  a,  a,  and  to  be  surrounded  by  a hyaline 

envelope,  d,  having  polygonal  borders.  l • +i 

10.  Portion  of  the  wall  of  a young  Volvox,  seen  edgeways,  showing  that 
its  sphere  is  still  invested  by  the  hyaline  envelope  of  the  onginal  cell,  which 

the  flagella  penetrate  but  do  not  pierce.  i • .t  i 

11.  Two  cells  from  a mature  Volvox,  seen  edgeways,  showing  the  enclosure 
of  the  endochrome-masses  in  their  own  hyaline  investment,  and  the  persistence 
of  the  general  investment  (pierced  by  the  flagella)  around  the  entire  sphere. 
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PLATE  X.  (p.  304). 

UEVELOPMEXT  AND  KEPRODUCTION  OF  SPH^ROPLEA  ANNULINA  (after  Collll) . 

Fig.  1.  Oospore,  of  a red  colour,  having  its  outer  membrane  furnished  with 
stellate  prolongations. 

2,  3,  4.  Successive  stages  of  segmentation  of  the  oospore. 

5.  Fusiform  flagellated  zoospores  set  free  by  the  rupture  of  the  coats  of 
the  oospore. 

6,  7,  8.  Successive  stages  of  development  of  zoospore  into  a filament. 

9.  Immature  filament,  showing  at  a the  annulation  of  the  endochrome  pro- 
duced by  the  regular  arranpment  of  vacuoles,  and  at  6,  the  frothy  appear- 
ance produced  by  the  multiplication  of  vacuoles. 

10.  More  advanced  stage,  showing  at  a the  aggregation  of  the  endochrome 
into  definite  masses,  which  become  star-shaped  as  seen  at  h. 

IL  The  star-shaped  masses  of  endochrome,  o,  draw  themselves  together 
again  and  become  ovoidal,  as  at  & ; definite  openings,  c,  show  themselves  in 
the  cell-wall. 

12.  Entrance  of  the  antherozoids,  d,  through  the  openings  c,‘  c. 

13.  Formation  of  mature  oospores  within  the  filament. 

14.  Contents  of  another  filament,  a,  becoming  converted  into  antherozoids, 
which  move  about  at  6 within  their  containing  cell,  and  escape  (as  seen  at  d) 
through  the  opening  c. 

15.  Antherozoids  swimming  freely  by  means  of  two  flagella. 


PLATE  XI.  (p.  351). 
ARACHNOiDiscus  JAPONicDs  (after  £.  Beck), 


The  specimens  attached  to  the  surface  of  a Sea-weed,  are  represented  as 
seen  under  a l-4th  Objective,  with  Lieberkuhn  illumination  : — a,  internal 
surface  j n,  external  surface  j c,  front  view,  showing  incipient  subdivi.sion. 


PLATE  XII.  (p.  370). 

LIFE-HISTORY  OF  BACILLUS  ANTHRACIS  (after  Ewait). 


Fig.  1.^  Spores  which  have  escaped  from  the  filaments. 

2.  Division  of  spore  into  four-sporules. 

3.  Sporules  forming  a zooglaea. 

4.  .5.  Sporules  developing  into  a rod,  which  at  (i  divides  into  two  segments. 

6.  A rod  undergoing  segmentation,  and  the  segments  showing  flagella. 

7.  Eods  with  corpuscles  (vacuoles  or  nuclei?). 

8.  A newly-developed  filament. 

9.  hilainent  in  which  the  endoplasm  has  divided  into  somewhat  loner 

segments.  ^ 


10.  Further  segmentation  of  a filament. 

11.  hirst  appearance  of  spores  as  minute  specks  in  the  endoplasm  near  the 
ends  of  the  segments. 

12.  bully  developed  spores  formed  by  contraction  of  the  endoplasm 

h 


xviii  explanation  OF  THE  PLATES. 

13.  Granular  matters  in  spaces  between  spores,  indicative  of  disintegra- 
tion of  filament. 

14.  Almost  complete  disappearance  ot  tilament. 

1 Filament  froni  whicli  spores  have  escaped.  ^ 

le’  Filament  broken  into  short  segments,  of  which  some  still  conta  i 

'^17. "'Filament  still  more  disintegrated,  with  one  of  the  spores,  a,  in  process 
of  division. 

19.  Rods  forming  a zooglsea. 

20.  Rod  undergoing  segmentation. 

21.  Rod  lengthening  into  filament.  _ i x with 

22.  Filament  containing  spores  becoming  gtanular  at  one  end, 

transverse  lines  between  spores. 

23.  Spore-bearing  filaments  forming  rope-worl?. 

24.  Part  of  filament  containing  a spore  in  process  ot  division. 

25.  Different  stages  of  development  of  spore  into  rod. 

26.  Short  filaments  containing  spores. 


PLATE  Xlir.  (p.  499). 


life-history  op  flaoellate  iKPUsoRiuii  (after  Ballinger). 


Fig.  1.  Normal  form,  showing  three  flagella,  a,  I,  c,  and  nucleus  d. 

2.  Anterior  flagellum,  a,  b,  double;  c,  nucleus.  _ j. -u  -i 

3.  Fission  commencing  in  nucleus  c,  and  in  anterior  portion  ot  botly,  _«. 

4!  Fission  more  advanced,  and  showing  itself  also  in  posterior  portion  ot 


5^’ Fission  still  more  advanced,  both  in  nucleus,  a,  b,  and  in  body. 

6,  7,  Fission  proceeding  to  completion.  . „ n i 

8.  Change  to  amoeboid  condition,  with  single  flagellum,  and 


granular 


UlXllvi  vl'»  _ 

9.  Conjugation  of  this  with  free-swimming  forin.  _ _ 

10  11.  Stages  of  progressive  fusion,  terminating  in  production  ot  still  sac, 
12,  which  afterwards  opens  and  pours  out  spores,  as  at  13,  14,  the  progressive 
growth  of  which  is  shown  in  figs.  15-21. 


PLATE  XIV.  (p.  527). 

SEXUAL  (?)  REPRODUCTION  OP  INFUSORIA  (after  Balbiani). 

Fig.  1.  Conjugation  of  Paramcemm  awreZfa ; a,  ovarium  (nucleus) , 6,  semi- 
nal capsule  (nucleolus) ; c,  oviducal  canal ; d,  seminal  canal ; e,  buccal 
fissur0 

2.  The  same,  more  advanced  ; a,  ovary,  showing  lobulated  suriace  , b,  b, 

secondary  seminal  capsules.  r • 

3.  One  of  the  individuals  in  a still  more  advanced  state  of  conjugation, 

showing  the  ovary  a,  a,  broken  up  into  Iragiiients  connected  by  the  tube  m , 
b,  b,  seminal  capsules ; v,  contractile  vesicle.  _ ' , . 

4.  Paramecium,  ten  hours  after  the  conclusion  of  the  conjugation ; u,  «, 
unchanged  granular  masses  of  the  ovary,  of  which  other  portions  have  been 
developed  into  the  ova,  0,  0,  still  contained  within  the  connecting  tube  m; 
h,  b,  seminal  capsules. 
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5.  The  same,  throe  clays  after  the  completion  of  the  conjugation. 

6-12.  Successive  stages  in  the  development  of  the  seminal  capsules. 

13-18.  Successive  stages  in  the  development  of  the  ovules. 

19.  Aeineta  in  difl'erent  stages,  A,  n,  c. 

20.  Paramecium  containing  three  Hcmeta-parasites,  q,  q,  q\  lying  in 
introverted  pouches,  of  which  the  external  openings  are  seen  at  a,  x. 

21.  Stentor  in  conjugation. 


PLATE  XV.  (p.  544). 

VARIOUS  FORMS  OF  FOEA.MIXIFERA  (Original). 


Fig.  1.  Cornuspira. 

2.  Spiroloculina. 

3.  Trilocfulina. 

4.  Biloculina. 

5.  Peneroplis. 

6.  Orhiculina  (cyclical  form), 

7.  Orhiculina  (young). 

8.  Orhiculina  (spiral  form). 

9.  Lagena. 

10.  Xodosaria. 


Fig.  1 1 . Cristellaria. 

12.  Glohigerina. 

13.  Polymmphina. 

14.  Textularia. 

15.  Discorhina 

16.  Polystomella. 

17.  Planorhulina. 

18.  Botalia. 

19.  Nonionina. 


PLATE  XVI,  (p.  580), 

VARIOUS  FORMS  OF  FORAMiNiFERA  (Original). 

Fig.  1 . Cyclodypeus,  showing  external  surface,  and  vertical  and  horizontal 
sections. 

2.  Operculina,Mdi  open  to  show  its  internal  structure  a.  marginal  cord 
seen  in  cfoss  section  at  a' ; h,  h,  external  walls  of  the  chambers  ; c,  c,  cavities 
of  the  chambers  ; ri  c',  their  alar  prolongations  ; d,  d,  septa,  divided  at  d' d' 
and  at  a , so  as  to  lay  open  the  inter.septal  canals,  the  general  distribution  of 
which  IS  seen  in  the  septa  e,  e ; the  lines  radiating  from  6,  e,  point  to  the 
secondly  pores  ; g,  g,  non-tubular  columns. 

3. ^  Calcatina,  laid^  open  to  show  its  Internal  structure  : — a,  chambered 
portion ; h,  intermediate  skeleton ; c,  one  of  the  radiating  prolongations 
proceeding  from  it,  with  extensions  of  the  canal-system. 


PLATE  XVII.  (p.  589). 

STRUCTURE  OP  EOZOOX  CANADENSE  (Original). 


Fic 


/°cu‘  ? calcareous  Shell,  as  it  would  appear  if  the  Serpentine 

that  tills  Its  chambers  w'ere  dissolved  away a\  a\  chambers  of  lower 
Htory,  ojpening  into  each  other  at  a,  a,  but  occasionally  separated  by  a septum 

’e  1 proper  walls  of  the ‘chambers, 

tomed  Ot  a finely-tubular  or  nummulino  substance  ; c,  c,  intermediate  skele- 

of  by  large  stolon-passages,  d,  connecting  the  chambers 

ot  ditlcrent  stones,  and  penetrated  by  the  arborescent  systems  of  canals  e,  e,  e. 
z.  Uecalcihed  portion  showing  the  Serpentinous  internal  cast  of  the 

th?  ‘ tbe  original ; presenting  an  exact  model  of 

the  animal  substance  which  onginally  (illed  them. 

h 2 
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PLATE  XVIII.  (p.  597). 

VARIOUS  FORMS  OF  poLYCYSTiNA  (after  Ebrenberg). 

Fig.  1.  Poclocyrtis  Schomhurghii. 

2.  Bhopalocanium  ornatum. 

3.  Haliomma  hystrix. 

4.  Ptcrocanium,  with  a,niinal. 


PLATE  XIX.  (p.  600). 

VARIOUS  FORMS  OF  RADiOLARiA  (after  Haeckcl), 

Fig.  1.  Ethmosphcera  siphonophora. 

2.  Actinomma  inerme. 

3.  Acanthometra  xiphicantha. 

4.  ArachnospliKTO,  obligciccmthci. 

5.  Oladococcus  viminalis. 


PLATE  XX.  (p.  617). 

CAMFANULARiA  GELATiNOSA  (after  Van  Beneden), 

A Tinner  nart  of  the  stem  and  brandies,  of  tbe  natural  size.  . • i 

n K nortion  enlarged,  sbowing  tbe  structure  of  tbe  animal ; a,  terminal 

,,arS capsules;  ,J,  annular  consl.icticns  at  tire  base  r.l  the  brancbc. 


PLATE  XXI.  (p.  648). 

PENTACRINOID  LARVA  OF  ANTEDON  (OnglUal). 

Fis  1 Skeleton  of  early  Pentacrinoid,  uuder  Black-^-onnd  illumination 
8bo>ifng  its  component  plates  :-6,  h,  basals,  arliculatod  below  to  the  higbest 

point  of  tbe  stem;  d,V,  first  radials,  between  two  of  wb.di  is 

Se  anal  plate,  a ; second  radials;  third  radials,  giving  off  tbe 

bifurcating  arms  at  tbeir  summit ; o,  o,  orals.  , a.  • • i i 

r 3.  Back  and  front  views  of  a more  advanced  Pentacnnouh  as  seen  by 
incident  light,  one  of  the  pair  of  arms  being  cut  away  in  I ig.  o,  in  order  to 
bring  the  mouth  and  its  surrounding  parts  into  view  : h,b,  basals  , r r-,  r , 

first  second,  and  third  radials;  a,  anal,  now  carried  upwards  by  the  pro- 
jecBon  of  the  ventw;  o,  o,  orals;  cir,  dorsal  cirrhi,  developed  from  the 

highest  joint  of  the  stem. 
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PLATE  XXII.  (p.  652). 

.STuucTURK  OF  LAGUKCULA  KERENS  (after  Van  Benedeii). 

A,  Polypide  expanded  ; b,  polypide  retracted;  c,  anotLer  view  of  tlie  same, 
with  the  visceral  apparatus  in  outline,  that  the  manner  in  which  it  is  doubled 
on  itself,  with  the  tentacular  crown  and  muscular  system,  may  be  more 
di.stinctly  seen  a,  a,  tentacula ; h,  pharynx  ; c,  pharyngeal  valve  ; cl-, 
oesophagus ; e,  stomach  ; f,  its  pyloric  orifice  ; g,  cilia  on  its  inner  surface  /i, 
biliary  follicles  lodged  in  its  wall ; intestine  ; h,  particles  of  excrementitious 
matter ; I,  anal  orifice  ; m,  testis  ; n,  ovary  ; o,  ova  lying  loose  in  the  peri- 
visceral cavity ; p,  outlet  for  their  discharge ; g,  spermatozoa  in  the  perivis- 
ceral cavity;  r,  s,  t,  u,  v,  w,  x,  muscles. 

D,  Portion  of  the  Lophophore  more  enlarged : — a,  a,  tentacula  ; b,  h,  their 
internal  canals ; c,  their  muscles ; cl,  lophophore  ; e,  its  retractor  muscles. 


PLATE  XXIIl.  (p.  703). 

STRUCTURE  AND  DEVELOPMENT  OF  TOMOPTERIS  ONISCIFORMIS  (Original). 

A.  Portion  of  caudal  prolongations,  containing  the  spermatic  Sacs,  a,  a. 

B.  Adult  Male  specimen. 

c.  Hinder  part  of  adult  Female  specimen,  more  enlarged,  showing  ova  lying 
freely  in  the  perivisceral  cavity  and  its  caudal  prolongation. 

D.  Ciliated  canal,  commencing  externally  in  the  larger  and  smaller 
-rosette-like  disks,  a,  b. 

E.  One  of  the  pinnulated  segments,  showing  the  position  of  the  ciliated 
canal,  c,  and  its  rosette-like  disks,  a,  b ; showing  also  the  incipient  develop- 
ment of  the  ova,  d,  at  the  extremity  of  the  segment. 

F.  Cephalic  Ganglion,  with  its  pair  of  auditory  (?)  vesicles,  a,  a,  and  its 
two  ocelli,  b,  b. 

G.  Very  young  Tomopteris,  showing  at  a,  a the  larval  antennaa ; b,  b,  the 
incipient  long  antennae  of  the  adult ; c,  d,  e,f  four  pairs  of  succeeding  pinnu- 
lated segments,  followed  by  bifid  tail. 


PLATE  XXIV.  (p.  808). 

CIRCULATION  IN  THE  TADPOLE  (after  Whitney). 

Fig.  1 . Anterior  portion  of  young  Tadpole,  showing  the  external  gills,  with 
the  incipient  tufts  of  the  internal  gills,  and  the  pair  of  minute  tubes  between 
the  heart  and  the  spirally-coiled  intestine,  which  are  the  rudiments  of  the 
future  lungs. 

2.  More  advanced  Tadpole,  in  which  the  external  gifts  have  almost  disap- 
peared : — a,  remnant  of  external  gills  on  the  left  side  ; b,  operculum  ; c,  rem- 
nant of  external  gill  on  the  right  side,  turned  in. 

3.  Advanced  Tadpole,  showing  the  course  of  the  general  Circulation: — 
rt,  heart ; h,  branchial  arteries ; c,  pericardium  ; d,  internal  gill ; e,  first  or 
cephalic  trunk ; f,  branch  to  lip ; g,  branches  to  head ; h,  second  or  branchial 
trunk  ; i,  third  trunk,  uniting  with  its  fellow  to  form  the  abdominal  aorta, 
which  is  continued  as  the  caudal  artery  Ic,  to  the  extremity  of  the  tail ; 
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Z,  caudal  vein  ; to,  kidney  ; vena  cava;  o,  liver;  y?,  vena  portae;  (Z.  sinus 
venosus,  receiving  the  jugular  vein,  r,  and  the  abdominal  veins,  t,  u,  as  a 

the  branchial  vein,  v.  , 

4.  The  branchial  Circulation  on  a larger  scale A,  b,  c,  three  primary 
branches  of  the  branchial  artery ; a,  cartilaginous  arches ; h additional 

framework;  c,  e,  twigs  of  branchial  artery  ; df,  _r 

5.  Origin  of  the  vessels  of  the  internal  gills,  (j,  from  the  roots  of  those  oi 

the  external.  . , . j i„tio-o 

6.  The  heart,  systemic  arteries,  pulmonary  ateries  and  veins,  and  lungs, 

in  tiie  adult  Frog ; the  heart  being  turned  up  in  the  right-hand 

show  the  junction  of  the  pulmonary  veins  and  their  entrance  into  the  Jtrt 

auricle, 

PLATE  XXV.  (p.  814). 

PISTRIBUTION  OR  CAPILLARY  BLOOD-VESSELS  AS  SHOWN  IN  TRANSPARENT 

INJECTIONS  (Original). 

Fig.  1.  Transverse  section  of  Small  Intestine  of  Eat,  showing  the  villi  in 

Section  of  the  Toe  of  a Mouse;— a,  a a,  tarsal  bones;  b,_ digital 
artery;  c,  vascular  loops  in  the  papillm  forming  the  thick  epidermic 
LshioA  on  the  under  surface  ; cZ,  distribution  of  vessels  in  the  matnx  of  the 

*^'*3.  Distribution  of  Bloodvessels  in  the  cortical  layer  of  the  Brain,  showing 
the  manner  in  which  the  arteries,  carried-in  by  the  pia  mater,  dip-down  into 
the  fuiTOWs  of  the  convolutions. 
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THE  MICROSCOPE. 


CHAPTER  I. 

OPTICAL  PRINCIPLES  OE  THE  MICROSCOPE. 

1.  Laws  of  Refraction : — Spherical  and  Chromatic  Aberration. 

1.  AiL  Microscopes  in  or(^py  use,  whether  Simple  or  Com- 
pound, depend  for  their  magnifying  power  on  that  influence  exerted 
iiy  Lenses,  in  altering  the  course  of  the  rays  of  light  passino- 
through  them,  which  is  termed  Refraction.  This  influence  takes 
place^  in  accordance  with  the  two  following  laws,  which  are  fully 
explamed  and  iflnstrated  in  every  elementary  treatise  on  Optics 

I.  A ray  of  hght  passing  from  a rarer  into  a denser  medium,  is 
redacted  towards  a line  drawn  perpendicularly  to  the  plane  which 
t-livides  them ; and  vice  versa. 

angles  of  incidence  and  refraction  (that  is, 
or  the  angles  wmch^  the  ray  makes  with  the  perpendicular  before 
dna.  after  its  refraction)  bear  to  one  another  a constant  ratio  for 
^^rnr  is  knowu  as  its  index  of  refraction. 

Thus  the  ray  E o (Fig.  1)  passing  from  Air  into  Water,  will  not 
go^on  to  p,  but  will  be  refracted  towards  the  line  c c'  di’awn  per- 
ppdmularly  to  the  surface  a b of  the  water,  so  as  to  take  the 
enaction  o w.  If  it  pass  into  Glass,  it  will  undergo  a greater 
redaction,  so  as  to  take  the  direction  o g.  And  if  it  pass  into 
Uiamond,  the  change  m its  course  ivill  be  so  much  greater,  that  it 
mil  take  the  ^rection  o p.  The  angle  e o c is  termed  the  ‘ angle 
ot  mcidence ; whilst  the  angles  woe',  go  c',  and  doc'  are  the 
angles  of  refraction.’  And  whether  the  angle  of  incidence  be 
arge  or  small,  its  sine  e e'  bears  a constant  ratio  in  each  case  to 

L I"”  refraction ; and  this 

1 atio  IS  what  18  termed  the  ‘ index  of  refraction.’ 

refr^tion’  is  determined  for  diflrerent  media,  by 
refractive  influence  which  they  exert  upon  rays 
rirPHHi'if  from  air,  but  from  a vacuum ; and  in  ex- 

I L-  L of  refraction  is  considered  as  the 

TlinL  that  of  the  angle  of  incidence  bears  a fixed  relation. 

ims  when  we  say  that  the  ‘ index  of  refraction’  of  Water  is 
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Ave  mean  that  the  sine  e e'  of  the  angle  of  incidence  e o c of  a ray 
passing  into  water  from  a vacuum,  is  to  the  sine  w w'  of  the  angle 
of  refraction  w o o',  as  1'336  to  1,  or  almost  exactly  as  to  1,  or 
as  4 to  3.  So,  again,  the  index  of  refraction  for  (flint)  Glass,  being 
about  1'6,  we  mean  that  the  sine  e e'  of  the  angle  of  incidence  of  a 
ray  E o c passing  into  Glass  from  a vacuum,  is  to  the  sine  of  y y' 


Fig.  1. 
c 


almost  exactly  as  2^  to  1,  or  as  5 to  2.  Thus,  the  angle  of  inci- 
dence being  given,  the  angle  of  refraction  may  be  always  found  by 
dwidtuy  the  sine  of  the  former  by  the  ‘ index  of  refraction,’  which 
will  give  the  sine  of  the  latter.  In  accordance  with  these  laws,  a 
ray  of  light  passing  from  one  medium  to  another  perpendicularln 
to  the  surface  which  divides  them,  undergoes  no  refraction ; and  of 
several  rays  entering  at  different  angles,  those  nearer  the  perpen- 
dicular are  refracted  less  than  those  more  inclined  to  the  refracting 
surface. — ^When  a pencil  of  rays,  however,  impinges  on  the  surface 
of  a denser  medium  (as  when  rays  passing  through  Air  fall  upon 
Water  or  Glass),  some  of  the  incident  rays  are  reflected  from  that 
surface,  instead  of  entering  it  and  undergoing  refraction ; and  the 
proportion  of  these  rays  mcreases  Avith  the  ino'casc  of  their  obli- 
quity. Hence  there  is  a loss  of  light  in  every  case  in  which  pencils 
of  rays  are  made  to  pass  through  lenses  or  prisms : and  this  dimi- 
nution in  the  brightness  of  the  image  formed  by  refraction  will  bear 
a proportion,  on  the  one  hand,  to  the  number  of  surfaces  through 
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^vllich  tlie  rays  have  had  to  pass  ; and  on  the  other,  to  the  degree 
of  obliquity  of  the  incident  rays,  and  to  the  difference  of  the  refrac- 
tive powers  of  the  two  media.  Hence,  in  the  passage  of  a pencil 
of  rays  out  of  Glass  into  Air,  and  then  from  Air  into  Glass  again, 
the  loss  of  light  is  much  greater  than  it  is  when  some  medium  of 
higher  refractive  power  than  air  is  interposed  between  the  two  glass 
surfaces ; and  advantage  is  taken  of  this  principle  in  the  construc- 
tion of  Achromatic  objectives  for  the  Microscope,  the  component 
lenses  of  each  pair  or  triplet  (§  14)  being  cemented  together  by 
Canada  Balsam ; as  also  in  the  interposition  of  Water  or  some 
other  liquid  between  the  covering- glass  of  the  object  and  the  front 
lens  of  the  objective,  in  the  ‘ immersion  lenses’  now  coming  into 
general  use  (§19).  On  the  other  hand,  advantage  is  taken  of  the 
partial  reflection  of  rays  passing  from  air  into  glass  at  an  oblique 
angle  to  the  surface  of  the  latter,  in  the  construction  of  the 
ingenious  (non-stereoscopic)  Binoculars  of  Messrs.  Powell  and 
Lealand  and  of  Mr.  Wenham  (§  81). 

2.  When,  on  the  other  hand,  a ray,  w o,  emerges  from  a dense 
medium  into  a rare  one,  instead  of  following  the  straight  course,  it 
is  bent/Vom  the  perpendicular  according  to  the  same  ratio ; and 
to  find  the  course  of  the  emergent  ray,  the  sine  of  the  angle  of 
incidence  must  be  orndtiplied  by  the  ‘ index  of  refraction,’  which 
will  give  the  sine  of  the  angle  of  refraction.  And  thus,  when  an 
emergent  ray  falls  very  obliquely  upon  the  surface  of  the  denser 
medium,  the  refraction  which  it  would  sustain  in  passing  forth 
into  the  rarer  medium,  tending  as  it  does  to  deflect  it  stiU  farther 
fr-om  the  perpendicular,  becomes  so  great  that  the  ray  cannot  pass 
out  at  all,  and  is  reflected  back  from  the  plane  which  separates  the 
two  media,  into  the  one  from  which  it  was  emerging.  This  internal 
reflection  will  take  place  whenever  the  product  of  the  sine  of  the 
angle  of  incidence,  multiplied  by  the  index  of  refraction,  exceeds 
the  sine  of  90°,  which  is  the  radius  of  the  circle ; and  therefore  the 
‘ limiting  angle,’  beyond  wliich  an  oblique  ray  suffers  internal 
reflection,  varies  for  different  snbstances  in  proportion  to  their 
respective  indices  of  refraction.  Thus,  the  index  of  refraction  of 
Water  being.  1-336,  no  ray  can  pass  out  of  it  into  a vacnum,*  if  its 
angle  of  incidence  exceed  48°  28',  since  the  sine  li  li'  of  that  angle, 
II  0 c , multiplied  by  1’336  equals  the  radius  ; and,  in  like  manner, 

1 AA  * angle’  for  Flint-glass,  its  index  of  refraction  being 

1'60,  IS  38°  41'. — This  fact  imposes  certain  limits  upon  the  per- 
foraance  of  microscopic  Lenses,  since  of  the  rays  which  would 
otherwise  pass  out  from  glass  into  air,  all  the  more  oblique  are 

1 ho  reader  may  easily  make  evident  to  liimself  the  internal  reflection  of 
I 1 nearly  Ailing  a wine-glass  wth  water,  and  holding  it  at  a higher 
liwel  than  his  eye,  so  that  ho  sees  the  surface  of  the  fluid  obliquely  from 
Aenrath  :— no  object  held  above  the  water  will  then  be  visible  through  it,  if  the 
eye  be  placed  beyond  the  limiting  angle  ; whilst  the  surface  itself  will  appear 
flfrom  ^nrath  reflecting  back  to  the  eye  the  light  which  falls  upon 
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kejjt  back ; whilst,  on  the  other  hand,  it  enables  the  Optician  to 
make  most  advantageous  use  of  glass  Prisms  for  the  purpose  of 
reflection,  the  proportion  of  the  light  which  they  throw  back  being 
much  larger  than  that  returned  from  the  best  polished  metallic 
sui’faces,  and  the  brilliancy  of  the  reflected  image  being  consequently 
greater.  Such  j)risms  are  of  gi’eat  value  to  the  Microscopist  tor 
particular  purposes,  as  will  hereafter  appear.  (§§  33-38.) 

3.  The  Lenses  employed  in  the  construction  of  Alicrojicopes 
are  chiefly  convex ; those  of  the  opposite  kind,  or  concave,  being 
only  used  to  make  certain  modifications  in  the  course  of  the  rays 
passing  through  convex  lenses,  whereby  their  performance  is  ren- 
dered more  exact  (§§  11,  13). — It  is  easily  shown  to  be  in  accord- 
ance with  the  laws  of  refraction  already  cited,  that  when  a bundle 
of  parallel  rays,  passing  through  air,  impinges  upon  a spherical 
surface  of  glass,  these  rays  will  be  made  to  converge.  For  the 
perpendicular  to  every  point  of  that  surface  is  the  radius  drawn 
from  the  centre  of  the  sphere  to  that  point,  and  prolonged  through 
it ; so  that,  whilst  any  ray  which  coincides  with  the  radial  perpen- 
dicular will  go  on  without  change  in  its  coiu’se  towards  the  centre 
of  the  sphere  ; every  ray  which  falls  upon  the  spherical  surface  at  an 
inclination  to  its  prolonged  radius,  undergoes  refraction  in  a degree, 
proportionate  (as  already  explained)  to  that  inclination.  And  the 
effect  upon  the  Avhole  bundle  will  be  such,  that  its  rays  will  be 
caused  to  meet  at  a point,  called  the /oms,  some  distance  beyond 
the  centre  of  curvature. — This  effect  will  be  somewhat  modified  by  the 
passage  of  the  rays  into  air  again  through  a,  plane  surface  of  glass, 
perpendicular  to  the  axial  ray  (Fig.  2) ; and  a lens  of  this  descrip- 


Fig.  2. 


Parallel  niys,  falling  on  a plano-convex  lens  of  glass, 
broiiglit  to  a focus  at  the  distance  of  the  diameter  of  its 
sphere  of  curvature ; and  conversely,  rays  diverging 
from  that  point,  rendered  parallel. 

tion,  called  a plano-comex  lens,  will  hereafter  be  shown  to  possess 
properties  which  render  it  very  useful  in  the  construction  of  Micro- 
scopes.— But  if,  instead  of  passing  through  a plane  surface,  the 
rays  re-enter  the  air  through  a second  convex  surface,  turned  in  the 
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■opposite  direction,  as  in  a doiMe-conveoi  lens,  they  will  be  made  to 
oonverge  still  more.  This  will  be  readily  comimehended,  when  it 
is  borne  in  mind  that  the  contrary  direction  of  the  second  surface, 
•and  the  contrary  direction  of  its  refraction  (this  being  from  the 
denser  medium,  instead  of  into  it),  antagonize  each  other ; so  that 
the  second  convex  surface  exerts  an  influence  on  the  course  of  the 
rays  passing  through  it,  which  is  almost  exactly  equivalent  to  that 
of  the  first.  Hence  the  focus  of  a douhle-conyex  lens  will  be  at  just 
half  the  distance,  or  (as  commonly  expressed)  will  be  half  the  length, 
of  the  focus  of  a pZu7io-convex  lens  having  the  same  curvature  on 
■one  side  (Pig.  3). 


Fig.  3. 


Parallel  rays,  falling  on  a double-convex  lens,  brought 
to  a focus  in  the  centre  of  its  sphere  of  curvature  ; con- 
versely, rays  diverging  from  that  point  rendered  parallel. 

4.  The  distance  of  the  Focus  from  the  spherical  surface  will 
depend  not  merely  upon  its  degree  of  curvature,  but  also  upon  the 
refracting  power  of  the  substance  of  which  it  may  be  formed ; since 
the  lower  the  index  of  refraction,  the  less  will  the  oblique  rays  be 
•ieflected  towards  the  axial  ray,  and  the  more  remote  will  be  their 
point  of  meeting ; and  conversely,  the  greater  the  refractive  index, 
the  more  wiU  the  oblique  rays  be  deflected  towards  the  axial  ray,  and 
the  nearer  will  be  their  point  of  convergence.  A lens  made  of  any 
substance  whose  index  of  refraction  is  1'5,  will  bring  parallel  rays 
to  a focus  at  the  distance  of  its  diameter  of  curvature,  after 
they  have  passed  through  one  convex  surface  (Pig.  2),  and  at  the 
distance  of  its  radius  of  curvature,  after  they  have  passed  through 
two  convex  surfaces  (Fig.  3) ; and  as  this  ratio  almost  exactly  ex- 
presses the  refractive  power  of  ordinary  crown  or  plate  Glass,  we 
may  for  all  practical  purposes  consider  the  ‘ principal  focus’  (as  the 
focus  for  parallel  rays  is  termed)  of  a douhle-Gonvox  lens  to  be  at 
the  distance  of  its  radius,  that  is,  in  the  centre  of  curvature,  and 
that  of  a plano-convex  lens  to  be  at  the  distance  of  twice  its  radius, 
that  is,  at  the  other  end  of  the  diameter  of  its  sphere  of  curvature. 

•5.  It  is  evident  from  what  has  preceded,  that  as  a Double-convex 
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leus  brings  parallel  rays  to  a focus  in  its  _ centre  of  curvatuie^ 
it  will  on  the  other  hand  cause  those  rays  which  are  diver^ng  rom 
that  centre  before  they  impinge  upon  it,  to  assume  a ?■  ® , 

tion  (Fig.  3) ; so  that,  if  a luminous  body  be  placed  in  the  pnncip 
focus  of  a double-convex  lens,  its  divergent  rays,  taumg  on 
surface  of  the  lens  as  a cone,  will  pass  forth  from  its  other  _ 
a cylinder.  If,  however,  the  rays  which  fall  ''ipou  a dou  e c 
lens  be  diverging  from  the  farther  extremity  of  the  dianie  er  _ 
sphere  of  curvature,  they  will  be  brought  to  a ^o^us  a an  ^ 
distance  on  the  other  side  of  the  lens  (Fig.  4) ; but  the_ 
point  of  divergence  is  approximated  to  the  centre  or  prmcipa  »• 

Fig.  4. 


Pays  diverging  from  the  farther  extremity  of  one  (hametcr 
of  curvature  of  a dmible-convex  lens,  brought  to  a focus  at 
the  same  distance  on  the  other  side. 

the  farther  removed  from  the  other  side  will  be  the  point  of  con- 
vergence (Fig.  5),  until,  the  point  of  divergence  bemg  aUhe  centie. 

Fig.  5. 


Pays  diverging  from  points  more  distant  than  the  principal 
focus  of  a double-convex  lens  on  either  side,  broug  ^ 

beyond  it;  the  focus  of  convergence beiiig vuthin  the  diametm 

ofLrvAture,  if  the  focus  of  divergence  be  beyond  it,  andticc 
versd. 
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there  is  uo  convergence  at  all,  the  rays  being  merely  rendered 
jiarallel  (Fig.  3) ; whilst  if  the  point  of  divergence  be  beyond  the 
diameter  of  the  sphere  of  curvature,  the  point  of  convergence  will 
be  within  it  (Fig.  5).  The  farther  removed  the  point  of  divergence, 
the  more  nearly  will  the  rays  approach  the  parallel  direction  : until, 
at  length,  when  the  object  is  very  distant,  its  rays  in  effect  become 
parallel,  and  are  brought  together  in  the  principal  focus  (Fig.  3). 
If,  on  the  other  hand,  the  point  of  divergence  be  within  the  prin- 
cipal focus,  they  will  neither  be  brought  to  converge,  nor  be  ren- 
dered parallel,  but  will  diverge  in  a diminished  degree  (Fig.  6). 
And  conversely,  if  rays  already  converging  fall  upon  a double- 

Fig.  G. 


Rays  already  converging,  brought  together  by  a clouhle- 
co)ivev  lens  at  a point  nearer  than  its  pidncipal  focus ; and 
rays  diverging  from  a point  within  its  principal  focus,  still 
diverging,  though  in  a diminished  degree. 

convex  lens,  they  will  be  brought  together  at  a point  nearer  to  it  than 
its  centre  of  curvature  (Fig.  6). — The  same  principles  apply  equally 
to  a plano-convex  lens  ; allowance  being  made  for  the  double  dis- 
tance of  its  principal  focus.  They  also  apply  to  a lens  whose  sur- 
faces have  different  curvatures ; the  principal  focus  of  such  a lens 
being  found  by  multiplying  the  radius  of  one  surface  by  the  radius 
of  the  other,  and  dividing  this  product  by  half  the  sum  of  the  same 
radii. — The  rules  by  which  the  foci  of  convex  lenses  may  be  found, 
ior  rays  of  different  degrees  of  convergence  and  divergence,  will  be 
found  in  works  on  Optics. 

6.  ^ The  refracting  influence  of  concave  lenses  will  evidently  be 
precisely  the  opposite  of  that  of  convex.  Hays  which  fn.11  upon 
them  in  a parallel  direction,  will  be  made  to  diverge  as  if  from  the 
principal  focus,  which  is  here  called  the  negative  focus.  This  will 
be  for  a plano-concave  lens,  at  the  distance  of  the  diameter  of  the 
sphere  of  curvature ; and  for  a double-concave,  in  the  centre  of  that 
sphere.  In  the  same  manner,  rays  which  are  converging  to  such  a 
de^ee,  that,  if  uninterrupted,  they  would  have  met  in  the  princi- 
pal  focus,  will  be  rendered  parallel ; if  converging  more  they  will 
ipeet,  but  at  a greater  distance ; and  if  converging  less,  they 
■will  diverge  as  from  a negative  focus  at  a greater  distance  than  that 
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for  parallel  rays.  If  already  diverging,  they  will  diverge  still  more,  , - 
as  from  a negative  foens  nearer  than  the  principal  focus ; but  this  j 
negative  focus  will  approach  the  principal  focus,  in  proportion  as 
the  distance  of  the  point  of  divergence  is  such  that  the  direction  of  | 
the  rays  approaches  the  parallel.  1 

7.  If  a lens  be  convex  on  one  side  and  concave  on  the  other, 
forming  what  is  called  a meniscus,  its  effect  will  depend  upon  the* 
proportion  between  the  two  curvatures.  If  they  are  equal,  as  in  a 
watch-glass,  scarcely  any  perceptible  effect  will  be  produced;  if  i 
the  convex  curvature  be  the  greater,  the  effect  will  be  that  of  a less 
powerful  convex  lens ; and  if  the  concave  curvature  be  the  more 
considerable,  it  will  be  that  of  a less  powerful  concave  lens.  The 
focus  of  convergence  for  parallel  rays  in  the  first  case,  and  of  diver- 
gence in  the  second,  may  be  found  by  dividing  the  product  of  the 
two  radii  by  half  their  difference. 

8.  Hitherto  we  have  considered  only  the  effects  of  lenses  either 
on  a ‘ bundle’  of  parallel  rays,  or  on  a ‘ pencil’  of  rays  issuing  from 

a single  luminous  point,  and  that  point  situated  in  the  line  of  its  i 
axis.  If  the  point  be  situated  above  the  line  of  its  axis,  the  focus 
will  be  below  it,  and  vixe  versa.  The  surface'  of  every  luminous  j 
body  may  be  regarded  as  comprehending  an  infinite  number  of  such 
points,  from  every  one  of  which  a pencil  of  rays  proceeds,  to  be 
refracted  in  its  passage  through  a lens  according  to  the  laws  already 
specified ; so  that  a complete  but  inverted  image  or  picture  of  the 
object  is  formed  upon  any  surface  placed  in  the  focus  and  adapted 
to  receive  the  rays.  It  will  be  evident  from  what  has  gone  before, 
that  if  the  object  be  placed  at  twice  the  distance  of  the  principal 
focus,  the  image,  being  formed  at  an  equal  distance  on  the  other 
side  of  the  lens  (§  5),  will  be  of  the  same  dimensions  with  the 
object : whilst,  on  the  other  hand,  if  the  object  (Fig.  7,  ti  6)  be  nearer  | 
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the  lens,  the  image  a b will  be  farther  from  it.  and  of  larger  dimen-  i 

sions ; but  if  the  object  a b be  farther  from  the  lens,  the  image  a h | 

mil  be  nearer  to  it,  and  smaller  than  itself.  Further,  it  is  to  be  j 
remarked  that  the  larger  the  image  in  proportion  to  the  object, 
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tRe  less  bright  will  it  be,  because  the  same  amount  of  light  has  to 
be  spread  over  a greater  surface ; whilst  an  image  that  is  smaller 
than  the  object  will  be  more  brilliant  in  the  same  proportion. 

9.  A knowledge  of  these  general  facts  will  enable  the  learner  to 
understand  the  ordinary  action  of  the  Microscope  ; but  the  instni- 
ment  is  subject  to  certain  optical  imperfections,  the  mode  of  , 
remedying  which  cannot  be  comprehended  without  an  acquaintance 
with  their  nature.  One  of  these  imperfections  results  from  the 
unequal  refraction  of  the  rays  which  pass  through  lenses  whose 
curvatures  are  equal  over  their  whole  surfaces.  If  the  course  of 
the  rays  passing  through  an  ordinary  convex  lens  be  carefully 
laid  down  .(Fig-  8)5  it  'w^iH  he  found  that  they  do  not  oil  meet 


Em.  8. 


Diagram  illustnvting  Spherical  Aberration. 


exactlij  in  the  foci  already  stated ; but  that  the  focus  r of  the  rays 
AB,  AB,  which  have  passed  through  the  marginal  portion  of  the 
lens,  is  much  closer  to  it  than  that  of  the  rays  a h,  a h,  which  are 
nearer  the  line  of  its  axis.  This  may  be  shown  experimentally,  by 
‘ stopping  out’  either  the  central  or  the  marginal  portion  of  the 
lens ; for  it  will  then  be  found  that  the  rays  which  are  allowed  to 
pass  through  the  latter  alone  form  a distinct  image  at  p ; whilst 
those  which  pass  through  the  former  alone  form  a distinct  image  at 
Hence,  if  the  whole  aperture  be  in  use,  and  a screen  be  held  in 
the  focus  F of  the  marginal  portion  of  the  lens,  the  rays  which  have 
passed  through  its  central  portion  will  be  stojpped  by  it  before  they 
have  come  to  a focus ; whilst,  if  the  screen  be  carried  back  into  the 
focus  / of  the  latter,  the  rays  which  were  most  distant  from  the  axis 
win  have  previously  met  and  crossed,  so  that  they  will  come  to  it  in 
a state  of  divergence,  and  will  pass  to  c and  d.  In  either  case,  there- 
fore, the  image  will  have  a certain  degree  of  indistinctness ; and 
there  is  no  one  point  to  which  all  the  rays  can  be  brought  by  a 
single  lens  of  spherical  curvature.  The  distance  p/,  between  the 
focal  points  of  the  central  and  of  the  peripheral  rays  of  any  lens, 
18  teiuned  its  Spherical  Aherration. — It  is  obvious  tnat  the  desired 
effect  could  be  produced  by  such  an  increase  of  the  curvature  round 
the  centre  of  the  lens,  and  such  a diminution  of  the  curvature 
towards  its  circumference,  as  would  make  the  two  foci  coincident. 
And  the  requisite  conditions  may  be  theoretically  fulfilled  by  a 
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single  lens,  one  o£  whose  surfaces,  instead  of  being  spherical,  is  a 
portion  of  an  ellipsoid  or  hyperboloid  of  certain  proportions.  But 
the  difficulties  in  the  way  of  the  mechanical  execution  of  lenses  of 
this  description  are  such,  that  for  practical  purposes  this  plan  of 
constraction  is  altogether  unavailable ; besides  which,  their  per- 
formance would  only  be  perfectly  accurate  for  parallel  rays. 

10.  Various  means  have  been  devised  for  reducing  the  aberration 
of  lenses  of  spherical  curvature.  In  the  first  place,  it  may  be  kept 
down  by  using  ordinary  lenses  in  the  most  advantageous  manner. 
Thus  the  abei-ration  of  a Plano-convex  lens  whose  convex  side  is 


turned  towards  parallel  rays,  is  only  thiclmess; 

whilst,  if  its  plane  side  be  turned  towards  them,  the  aberration  is 
4^  times  the  thickness  of  the  lens.  Hence,  when  a plano-convex 
lens  is  used  to  form  an  image  by  bringing  to  a focus  parallel  or 
shghtly-diverging  rays  from  a distant  object,  its  convex  surface 
should  be  turned  towards  the  object ; but,  when  it  is  used  to  render 
parallel  the  rays  which  are  diverging  from  a very  near  object,  its 
plane  surface  should  be  turned  towards  the  object.  The  single  lens 
having  the  least  spherical  aberration,  is  a Double-convex  whose 
radii  are  as  one  to  six : when  the  flattest  face  of  this  is  turned  towards 
parallel  rays,  the  aberration  is  nearly  3^  times  its  thickness ; but 
when  its  most  convex  side  receives  or  transmits^  them,  the  aberra- 
tion is  only  1 ^ ^-^ths  of  its  thickness. — Spherical  Aberration  is 
further  diminished  by  reducing  the  aperture  or  working-surface  of 
the  lens,  so  as  to  employ  only  the  rays  that  pass  through  its  central 
part,  which,  if  sufficiently  small  in  proportion  to  the  whole  sphere, 
will  bring  them  all  to  nearly  the  same  focus.  Such  a reduction  is 
made  in  the  Object-glasses  of  common  (non-achromatic)  Micro- 
scopes ; in  which,  whatever  be  the  size  of  the  lens  itself,  the  greater 
portion  of  its  surface  is  rendered  inoperative  by  a stop,  which  is  a 
plate  with  a circular  aperture  interposed  between  the  lens  and  the  ■ 
rest  of  the  instrument.  If  this  aperture  be  gradually  enlarged, 
it  wiU  be  seen  that,  although  the  image  becomes  more  and  more 
illuminated,  it  is  at  the  same  time  becoming  more  and  more 
indistinct ; and  that,  in  order  to  gain  defining^  power,  the  ap^ure 
must  be  reduced  again.  Now,  this  reduction  is  attended  with  two 
great  inconveniences : in  the  first  place,  the  loss  of  intensity  of 
light,  the  degree  of  which  will  depend  upon  the  quantity  transmitted 
by  the  lens,  and  will  vary  therefore  with  its  aperture  ; and,  secondly , 
the  diminution  of  the  Angle  of  Apertivre,  that  is,  of  the  angle  ^ 
(Fig.  10)  made  by  the  most  diverging  of  the  rays  of  the  pencil 
issuing  from  any  point  of  an  object,  that  can  enter  the  lens  and  ^kc 
part  in  the  formation  of  an  image  of  it;  on  the  extent  of  Tmich 
angle  (as  will  be  shown  hereafter)  depend  some  of  the  most  important 

dualities  of  a Microscope.  . ^ ^ 

11.  The  Spherical  Aberration  may  be  approximately  corrected, 
however,  by  making  use  of  conil)inaiions  of  lenses,  so  disposed 
that  their  opposite  aberrations  shall  correct  each  other,  wMlst 
magnifying  power  is  stiU  gained.  For  it  is  easily  seen  that,  as 
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the  aberration  of  a concave  lens  is  just  the  opposite  of  that  of  a 
convex  lens,  the  aberration  of  a convex  lens  placed  in  its  most 
favourable  position  may  be  corrected  by  that  of  a concave  lens  of 
much  less  power  in  its  most  unfavourable  position;  so  that, 
although  the  power  of  the  convex  lens  is  weakened,  all  the  rays 
which  pass  through  this  combination  will  be  brought  to  one  focus. 
It  is  thus  that  the  Optician  aims  to  correct  the  Spherical  Aberration, 
in  the  construction  of  those  combinations  of  lenses  which  are  now 
employed  as  Object-glasses  in  all  Compound  Microscopes  that  are 
of  any  real  value  as  instruments  of  observation.  But  this  correc- 
tion is  not  always  perfectly  made : and  the  want  of  it  becomes 
evident  in  the  fog  by  which  the  distinctness  of  the  image,  and 
especially  the  sharpness  of  its  outhnes,  is  impaired ; and  in  the 
eidola,  or  false  images,  on  each  side  of  the  best  focal  point,  which 
impair  the  perfection  of  the  principal  image,  and  can  be  themselves 
brought  into  view  when  proper  means  are  used  for  their  detec- 
tion.* The  skill  of  the  best  constructors  of  Microscopic  objectives 
has  been  of  late  years  successfully  exerted  in  the  removal  of  the 
‘ residual  errors’  to  which  these  eidola  were  due ; so  that  objectives 
of  the  largest  angular  aperture  are  now  made  truly  aplanatic,  the 
corrections  for  Spherical  Aberration  being  applied  with  a perfection 
which  was  formerly  supposed  to  be  attainable  only  in  the  case  of 
Objectives  of  small  or  moderate  aperture.  Still,  the  difficulty  (and 
the  consequent  cost)  of  producing  such  objectives,  constitutes  one 
put  of  many  reasons  for  the  preference  of  objectives  of  moderate 
aperture,  in  which  the  correction  for  Spherical  Aberration  can  be 
easily  made  complete,  for  all  the  ordinary  purposes  of  scientific 
investigation  (§  17). 

12.  But  spherical  aberration  is  not  the  only  difficulty  with  which 
the  Optician  has  to  contend  in  the  construction  of  Microscopes ; 
for  one  equally  serious  arises  from  the  imegi^al  refrangihility  of 
the  several  Coloured  rays  which  together  make  up  White  or  colour- 
less light, f so  that  they  are  not  all  brought  to  the  same  focus,  even 
by  a lens  free  from  spherical  aberration.  It  is  this  difference  in 
their  refrangihility,  which  causes  their  complete  separation  or  ‘ dis- 
persion’ by  the  Prism  into  a spectrum;  and  it  manifests  itself, 
though  in  a less  degree,  in  the  image  formed  by  a convex  lens.  For 
if  parallel  rays  of  white  light  fall  upon  a convex  surface,  the  mosi 
refrangible  of  its  component  rays,  namely,  the  violet,  will  be  brought 
to  a focus  at  a point  somewhat  nearer  to  the  lens  than  the  principal 
focus,  which  is  the  mean  of  the  whole ; and  the  converse  will  be 
true  of  the  red  rays,  which  are  the  least  refrangible,  and  whose  focus 
will  therefore  be  more  distant.  Thus  in  Fig.  9,  the  rays  of  white 

♦ See  Dr.  Eoy&tou  Pigott’s  description  of  his  “Searcher  for  Aplanatic- 
Images,”  and  its  uses,  in  the  “Philos.  Transact.”  for  1870,  p.  59.' 

t It  has  been  deemed  better  to  adhere  to  the  ordinary  phmseology,  when 
speaking  of  this  fact,  as  more  generally  intelligible  than  the  language  in  whicli. 
it  might  be  more  scientifically  described,  and  at  the  same  time  leading  to  no- 
practical  error. 
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light,  A B,  a"  b",  wliicli  fall  on  the  peripheral  portion  of  the  l^nH, 
are  so  far  decomposed,  that  the  violet  rays  are  brought  to  a focus 
at  c,  and  crossing  there,  diverge  again  and  pass  on  towards  F F, 


Fig.  9. 


Diagram  illustrating  Chromatic  Aberraiiwi. 


whilst  the  red  rays  are  not  brought  to  a focus  until  n,  crossing  the 
divergent  violet  rays  at  b e.  The  foci  of  the  intermediate  rays  of 
the  spectrum  (indigo,  blue,  green,  yellow,  and  orange)  are  inter- 
mediate between  these  two  extremes.  The  distance  c d between 
the  foci  of  the  violet  and  of  the  red  rays  respectively,  is  teiuned 
Chromatic  Aberration.  If  the  image  be  received  upon  a screen 
placed  at  c— the  focus  of  the  violet  rays— violet  will  predominate 
in  its  own  colour,  and  it  wdl  be  suiTOunded  by  a pnsmatic  fringe 
in  which  blue,  green,  yellow,  orange,  and  red  may  be  successively 
distinguished.  If,  on  the  other  hand,  the  screen  be  placed  at  D— 
the  focus  of  the  red  rays— the  image  wiU  have  a predominantly 
red  tint,  and  will  be  surrounded  by  a series  of  coloured  frmges  m 
inverted  order,  formed  by  the  other  rays  of  the_  spectrum  which 
have  met  and  crossed.*  The  hne  E e,  which  joms  the  points  of 
intersection  between  the  red  and  the  violet  rays,  m^ks  the  mean 
focus,’  that  is,  the  situation  in  which  the  coloured  fnnges  i^l  be 
narrowest,  the  ‘ dispersion’  of  the  coloured  rays  bemg  the  least.  As 
the  axial  ray  a'  b'  undergoes  no  refraction,  neither  does  it  sustmn 
any  dispersion ; and  the  nearer  the  rays  are  to  the  axial  ray,  the 
less  dispersion  do  they  suffer.  Again,  the  more  oblique  the  direc- 
tion of  the  rays,  whether  thev  pass  through  the  central  or  Ihe 
peripheral  portion  of  the  lens,  the  greater  wiU  be  the  refrackon  they 
undergo,  and  the  greater  also  wiU  be  their  dispersion ; a.nd  Imi®  il 
happens  that  when,  by  using  only  the  central  part  of  a lens  (§  lo), 
the  chromatic  aberration  is  reduced  to  its  minim^,  the  central 
part  of  a picture  may  be  tolerably  free  from  false  colours,  whilst  us 
marginal  portion  shall  exhibit  broad  fringes,  as  is  well  seen  m the 
pictures  exhibited  by  non-achroniatic  Oxyhydrogen-Microscopes. 

* This  experiment  is  best  tried  with  a lens  of  long  focus,  of 
<-cntral  part  is  covered  with  an  opaque  stop,  so  that  the  light  ° J 

through  a peripheral  ring ; since,  if  its  whole  aperture  be  m use,  the  regula 
fomation  oi  the  fringes  is  interfered  with  by  the  spherical  aben-atiou,  vhich 
gives  a different  focus  to  the  rays  passing  through  each  auuulai  ^one. 
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13.  Altlioiighthe  Chromatic  aberration  of  a lens,  like  the  Spheri- 
cal, may  be  cbminished  by  the  contraction  of  its  aperture,  so  that 
only  its  central  portion  is  employed,  the  eiTor  cannot  be  got  rid  of 
entirely  by  any  such  reduction,  which,  for  the  reasons  already 
mentioned,  is  in  itself  extremely  undesirable.  Hence  it  is  of  the 
first  importance  in  the  construction  of  a really  efiicient  Microscope, 
that  the  chromatic  aberration  of  its  Object-glasses  (in  which  the 
priacipal  dispersion  is  liable  to  occur)  should  be  entirely  corrected, 
so  that  a large-  aperture  may  be  given  to  these  lenses  without  the 
production  of  any  false  colours.  Ho  such  correction  can  be  accom- 
plished, even  theoretically,  in  a single  lens ; but  it  may  be  effected 
l)y  the  combination  of  two  or  more,  advantage  being  taken  of  the 
different  relations  wliich  the  refractive  and  the  dis})ersive  powers 
bear  to  each  other  in  different  substances.  For  if  we  can  unite 
with  a convex  lens,  whose  dispersive  power  is  loio  as  compared  to 
its  refractive  power,  a concave  of  lower  curvature,  whose  dispersive 
power  is  relatively  high,  it  is  obvious  that  the  dispersion  of  the 
rays  occasioned  by  the  convex  lens  may  be  effectually  neutralized 
by  the  opposite  dispersion  of  the  concave  (§  6) ; whilst  the  refract- 
ing power  of  the  convex  is  only  loivered  by  the  opposite  refraction 
of  the  concave,  in  virtue  of  the  longer  focus  of  the  latter. — Ho 
difficulty  stands  in  the  way  of  carrying  this  theoretical  correction 
into  practice.  For  the  ‘dispersive’  power  of  ,/?inf-glass  bears  so 
much  larger  a ratio  to  its  refractive  power  than  does  that  of  croton- 
glass,  that  a convex  lens  of  the  fonner  whose  focal  length  is  7f 
inches,  will  produce  the  same  degree  of  colour  as  a convex  lens  of 
crown-glass  whose  focal  length  is  4^  inches.  Hence  a concave  lens 
of  the  former  material  and  curvature  will  fully  correct  the  disper- 
sion of  a convex  lens  of  the  latter  ; whilst  it  diminishes  its  refrac- 
tive power  to  such  an  extent  only  as  to  make  its  focus  10  inches. — 
A perfect  correction  for  Chromatic  Aberration  might  thus  be 
obtaiued,  if  it  were  not  that  although  the  extreme  rays — violet  and 
red — are  thus  brought  to  the  same  focus,  the  dispersion  of  the  rest 
is  not  equally  compensated ; so  that  what  is  tenned  a secondary 
spectrum  is  produced ; the  images  of  objects,  especially  towards  the 
margin  of  the  field,  beiug  bordered  on  one  side  with  a jmrple  friuge, 
and  on  the  other  with  a green.  In  the  best  constructed  combiua- 
tions,  however,  whether  for  the  Telescope  or  the  Microscope,  the 
chromatic  error  is  scarcely  perceptible ; the  aberrations  of  the 
objective  being  so  arranged  as  to  be  almost  entirely  compensated 
by  the  opposite  aberrations  of  the  eye-piece  (§  27). 

^ 14.  It  was  in  the  Telescope  that  the  principle  of  correction  for 
Chromatic  dispersion,  which  had  been  theoretically  devised  by 
Elder  and  other  mathematicians,  was  first  carried  into  practical 
application ; an  Achromatic  object-glass  having  been  constructed 
in  1733  by  Hall,  and  a more  perfect  combination  having  been 
worked  out  in  1757  by  Dollond,  whose  system,  known  as  the  ‘tele- 
scopic triplet,’  remains  in  use  to  the  present  time.  This  triplet  con- 
sists of  a double-concave  lens  of  flint-glass,  interposed  between  two 
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double-convex  lenses  of  crown ; such  curves  being  given  to  their 
respective  surfaces,  as  serve  almost  entirely  to  extinguish  not  only 
the  Chromatic,  but  the  Spherical  aberration,  in  the  case  of 
proceeding  from  distant  objects,  which  fall  on  the  surface  of  the 
object-glass  in  a direction  that  is  virtually  parallel.  These  rays 
form  an  image  in  the  ‘ principal  focus’  of  the  object-glass,  the  size 
of  which  varies  with  its  distance  from  the  lens  ; magnifying  power 
being  thus  gained  by  lengthening  the  focus  of  the  objective.— in 
the  Microscope,  on  the  other  hand,  the  conditions  are  altogether 
different.  I’or  the  object-glass  receives  rays  wHch  diverge  very 
widely  from  a near  object,  and  the  size  of  the  image  formed  by 
their  convergence  depends  upon  the  proportionate  distances  of  tne 
object  and  the  image  from  the  lens  (§  8) ; magnifying  power  bemg 
thus  gained  by  shortening  the  focus  of  the  object-glass.  _-^d  t e 
■chromatic  and  spherical  aberrations  resulting  from  the  incidence  ot 
diverging  rays  can  only  be  fairly  corrected  by  a single-triplet  cona- 
bination,  when  its  focus  is  long  (giviug  a low  magnifying  power), 
and  the  divergence  of  those  rays  moderate,  so  that  the  angle  oi  tne 

aperture  is  small.  . r j.  ii, 

15  It  has  only  been  in  comparatively  recent  tunes  that  the  con- 
struction of  Achromatic  object-glasses  for  Mcroscopes  has  been 
found  practicable ; their  extremely  minute  size  havmg  been  thougnt 
to  forbid  the  attainment  of  that  accuracy  which  is  necessary  m the 
.adjustment  of  the  several  curvatures,  in  order  that  the  errors  ot 
each  of  the  separate  lenses  which  enters  into  the  combmation,  :^y 
be  effectually  balanced  by  the  opposite  errors  of  the  rest.  Ine 

first  successful  attempt  was  made 
in  this  direction,  in  the  year  1823, 
by  MM.  SeUigues  and  Chevalier,  of 
Paris ; the  plan  which  they  adopted 
being  the  combination  of  two  oi 
more  pairs  of  lenses,  each  pair  con- 
sisting of  a double-convex  of  crown- 
glass,  and  a plano-concave  of  fiint. 
—In  the  foUowing  year,  Mr.  Tulley, 
of  London,  without  any  knowledge 
of  what  had  been  accomplished  in 
Paris,  apphed  himself  (at  the  sug- 
gestion of  Dr.  Goring)  to  the  con- 
struction of  Achromatic  object- 
glasses  for  the  Microscope ; _ and 

lenses  1,  2,  3,  each  formed  of  a telescopic  plan,  the  corrections  of 
double-convex  of  crown-glass  and  were  extremely  complete. 

41  plano-concave  of  flint a be,  its  combination,  however,  was 

Anglo  of  Aperture.  high  power,  nor  of  large 

amzular  aperture;  and  it  was  found  that  these  advantages  could 
Jot  be  gaLed  without  the  addition  of  a second  combmation.- 
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Prof.  Amici  at  Modena,  also,  wlio  had  attempted  the  construction  of 
microscopic  object-glasses  as  early  as  1812,  but,  despairing  of 
supcess,  had  turned  his  attention  to  the  application  of  the  reflating 
principle  to  the  Microscope,  resumed  his  original  labours  on  hear- 
ing of  the  success  of  MM.  SeUigues  and  Chevalier ; and,  by  work- 
ing  on  their  plan,  he  produced,  in  1827,  an  achromatic  combination  |j 

which  surpassed  anything  of  the  same  kind  that  had  been  pre- 
viously executed.  Aud  these  were  soon  rivalled  by  the  objectives 
produced  in  London  by  Andrew  Eoss  and  Powell.  J 

16.  It  was  in  this  country  that  the  next  important  improvements  1 

originated ; these  being^  the  result  of  the  theoretical  investigations  ! 

of  Mr.  J.  J.  Lister,*  which  led  him  to  the  discovery  of  certain  pro-  ' 

perties  in  Achromatic  combinations  that  had  not  been  previoiisly " 
detected.  _ Under  his  guidance,  Mr.  James  Smith,  soon  followed  by 

other  Opticians,  succeeded  in  producing  combinations  far  superior 
to  any  which  had  been  previously  executed,  both  in  extent  of  aper- 
ture, flatness  of  field,  and  completeness  of  correction;  and  con- 
tinued progress  has  been  since  made  in  the  same  direction,  by 
the  like  combination  of  theoretical  acumen  with  manipulative 
skill. 

17.  The  enlargement  of  the  Angle  of  Aperture,  and  the  greater 
completeness  of  the  corrections,  first  obtained  by  the  adoption  of 
Mr.  Lirter  s principles,  soon  rendered  sensible  an  imperfection  in 
the  perfonnance  of  these  lenses  under  certain  circumstances,  which 
had  previously  passed  unnoticed ; and  the  important  discovery  was 


Fig.  11. 


* See  his  Memoir  in  tlie  “ Philosophical  Transactions’  for  1829. 
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made  by  Mr.  A.  Boss,  that  a very  obvious  difference  exists  in  the 

precision  of  the  image,  according  as  the  obj^t  is  viewed,  '*f’. 

without  a covering  of  talc  or  thin  glass  ; an_  Object-glass  is 

perfectly  adapted  to  either  of  these  conditions,  Jemg  sensibly 

defective  under  the  other.  The  mode  m 

arises  is  explained  by  Mr.  Boss*  as  follows:  Leto(  i^ 

point  of  an  object;  o P the  axial  ray  of  the  pencil  that 

from  it;  and  o T,  o t',  two  diverging  rajrs,  the  one  near  to,  the 

other  remote  from,  the  axial  ray.  _ Now  if  G ^ 

section  of  a piece  of  thin  glass  intervening 

and  the  object-glass,  the  rays  o t and  o t wdl  be 

passage  through  it,  in  the  directions  t E,  T E ; and 

Horn  it  again,  they  wiU  pass  on  towards  E and  e Now  i±  the 

course  of  these  emergent  rays  be  traced  baxikwai-ds,  as  by  the 

dotted  lines,  the  ray  e e will  seem  to  have  issued  ii’om 

ray  e'  e'  from  Y ; and  the  difference  x y,  which  is  called  negative 

aberration,’  is  quite  sufficient  to  disturb  the  pre^ous  balance  of  the 

£rSns  of  the  composite  lens  of  the  object-glass.  The  requisite 

correction  maybe  effected,  as  Mr.  Boss  by  givmg  to 

the  front  pai/  (Fig.  10,  1)  of  the  three  of  which  the  Objective  is 

composed,^an  excess  of  ‘positive  aberration 

S)  and  by  giving  to  the  other  two  , pairs  (2  3)  an  excess  of 
‘negative  aberration’  {i.e.,  by  over-correcting  themh  and  by  ma^^^ 
the^stance  between  the  former  and  the  latter  susceptible  of  altera- 
tion by  means  of  a screw  coUar  (§  140).  For 

annrotimated  most  nearly  to  the  other  two,  and  its  distance  from 
the  object  is  increased,  its  positive  aberration  is  more 
exerted  upon  the  other  pairs  than  it  is  when  the  distence  between 
the  lense^is  increased,  and  the  distance  between  the  front  pair  an 
the  object  is  diminished.  Consequently,  if  the  lenses  have_been  so 
adjusted  that  their  coiTection  is  perfect  for  an  uncovered  object, 
ffawroximation  of  the  front  lens  to  the  others  will  g^^.e  to^e 
whole  ^combination  an  excess  of  positive  aberration,  which  m 
n^trahze  the  negative  aberration  occasioned  by  covenng  the  object 

•4-E  o nln+e  of  £?lass. ^This  correction  will  obviously  be  moie 

Siportant  to  tile  perfect  performance  of  the  combination,  the  larger 

irite^angle  of  aVure;  since  the  wider  t 

obltue  rays  from  the  aidal  ray,  the  gi'cater  inll  be  the  refr^taon 
whi^  they  will  sustain  in  passing  through  a plate  of  glass,  “4 
iSr  therefore  will  be  the  negative  abemtion  produced,  winch, 
runcomcted,  will  seriously  imjair  the  distinctness  of  the  ™^e. 
It  is  consequently  not  required  for  !«io  powers,  whose  angle  of  aper- 
Jure  is  cSipaxatively  small,  nor  lor  powers,  so  long 

their  anole  of  aperture  does  not  exceed  60  ; and  even  ob,iectwe 
j 4th  rf  an  inch  focus,  whose  angle  of  aperture  does  not.exccrf  7o 
-IV  bp  made  to  perform  very  well  without  adjustment,  if  their  co 
S„^«"nSy  made  perfect  tor  the  average  th.clcness  of  glass 

* « TmTisfictions  of  the  Society  of  Arts,”  Vol.  li. 
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used  to  cover  objects  of  the  finer  kind.  And  objectives  of  much 
higher  power  and  larger  angle  of  aperture  (especially  suited  for 
Students’  Microscopes),  are  now  constructed  so  as  to  work  admir- 
ably without  adjustment,  being  corrected  for  a standard  thickness 
— such  as  O’OOS  or  0'006  inch— of  the  glass  covers  supplied  by  their 
makers.  Such  non-adjusting  objectives,  when  less  than  l-8th  inch 
focus,  are  best  constructed  on  the  ‘immersion’  system  (§  19). 

18.  For  many  years  the  best  Microscopic  objectives  of  moderate 
and  high  magnifying  power  were  made  by  combining  three  super- 
posed pairs  of  increasing  focus  and  diameter  (as  in  Fig.  10),  each 
consisting  of  a double-convex  lens  of  crown-glass  partly  achroma- 
tized by  its  own  concave  of  flint ; the  two  apposed  surfaces  of 
each  pair  being  of  the  same  curvature,  and  cemented  together  by 
Canada  balsam.  Various  modifications  of  this  arrangement,  how- 
ever, have  been  introduced  at  various  times  and  by  various 
constructors;  some  proceeding  in  the  direction  of  simplification, 
whilst  others  have  aimed  at  the  greatest  attainable  perfection, 
irrespective  of  complexity  and  constructive  difiiculty.  It  is  obvious 
that  there  are  great  practical  advantages  on  the  side  of  any 
reduction  in  the  number  of  component  lenses,  that  is  compatible 
with  the  good  performance  of  the  combination : liability  to  error, 
as  well  in  the  curved^  sru-faces,  as  in  the  centering  and  setting  of 
each,  being  thereby  diminished,  while  there  is  a like  diminution  in 
the  loss  of  hght  which  occurs  whenever  the  rays  pass  out  of 
one  medium  into  another  (§  1).  But,  on  the  other  hand,  it  seems 
certain^  that  the  highest  theoretical  perfection  can  be  attained 
by  an  increase  in  the  number  of  component  lenses  ; so  that,  if  the 
e^ors  in  workmanship  are  kept  down  to  the  lowest  possible  point, 
the  performance  of  such  complex  combinations  may  be  made 
superior  to  that  of  simpler  ones. — The  first  important  change  in 
the  direction  of  simplification,  consisted  in  the  replacement  of  the 
front  combination  by  a single  plano-convex  of  crown.  This  substi- 
tution, which  seems  to  have  been  first  devised  by  Amici,  has  been 
ve^  generally  adopted ; a ^eater  working  distance  from  the  object 
(which  is  very  irnportant  in  the  case  of  the  highest  j)Owers)  being 
attamable  in  this  constraction,  than  when  the  front  is  either  a 
doublet  or  a triplet  combination.  But  most  makers  who  have  used 
tms  method,  have  added  a lens  to  the  hach  combination,  making  it  a 
relescopic  triplet,’  still  using  a doublet  in  the  middle  ; and  admirable 
obiectives  on  tliis  construction  (each  consisting  of  two  flint  concave 
and  tour  convex  lenses  of  crown,  with  hoelve  surfaces  in  all)  have 
jeen  made  by  the  best  Opticians — English  and  American,  French 
a ^ ri^rther  simplification  has  been  recently  carried 

into  eftect  by  Mr.  Wenham  ; who  has  shown*  that  the  whole  colour- 
correction  may  be  effected  in  the  middle  lens  by  a double  concave 
ot  dense  flmt  between  two  convex  lenses  of  crown,  the  back  lens 
as  well  as  the  front  being  a single  plano-convex  of  crown.  Thus 
one  double  concave  lens  of  flint  is  made  to  coiTect  the  chromatic 
* “Proceedings  of  Royal  Society,”  Vol.  xxi.  p.  111. 
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aberrations  of  four  convex  surfaces  of  crown, 

surfaces  being  reduced  to  ten.  There  is  \^^’;^her  advantage  in  thi^ 

plan  of  construction,  that  no  change  of  the  front  lens  is  ^^eeded  to 

enable  the  combination  to  be  used  as  ^ immersion 

(§  19),  the  requisite  adjustment  bemg  effected  f XectSS 

used  for  cover-correction.-There  ^an  be  no  doubt  toat  ob^^^^ 

of  moderate  angular  aperture  may  be  made  on  Mr.  W enh^ 

system,  so  as  to  combine  great  excellence  with  comparative  cheap- 

n^s  • but  it  does  not  seem  equally  suitable  for  firsLclass  objectives, 

requii-ing  for  their  greatest  efficiency  the  widest  attamable  angula 

aS?e  These  Lve  usually  been  made  to  consist  of  a front 

tnnlet  a middle  doublet,  and  a back  triplet,  thus  having  eight 

leimes  ’in  all,  with  sixteen  surfaces.  But  the  first-class 

in  the  United  States  (notably  Messrs.  ToUes,  Spencer,  and  Wales) 

have  added  to  these  a single  front  plano-convex  of 

of  which  a longer  working  distance  has  been  obtamed ; wlulst  t e 

?xt7aor(Bnary  excellence  of  their  workmanship  (only  attamable 

Wever  at  a very  high  cost)  has  given  to  these  very  complex 

combinations  a perfection  of  performance,  which  to  say 

is  unsurpassed  by  that  of  any  objectives  constructed  for  use  m the 

nvrltoarv  manner,  which  is  now  distingmshed  as  dry. 

19  It  was  long  since  pointed  out  by  Aimci,  that  the  mtroduc  ion 
of  a drop  of  water  between  the  front  surface  of  the  objective,  ^d 
either  the  object  itself  or  its  covering-glass,  would  diminish  the  loss 
nf  lieht  resiitino-  from  the  passage  of  the  rays  from  the  object  or 
i4  coveiigS  iBto  air,  and  then  from  air  Uo  the  object-glas^ 
But  it  is  ?b^ou8  that  when  the  rays  enter  the  object-gl^s  from 
wato?  instead  of  from  air,  both  its  refractive  and  its  ^spersive 

and  his  idea  remained  unfruitful  until  it  was  taken  up  by  Hartnaa 
nndhlachet  who  showed  that  the  application  of  what  is  now  kno^ 
as  the  Immersion-system  to  objectives  of  high  power  ^d  la  g 
aperture  « attended  witk  mauy  ad™ 

reflection  ot  a large  Ss  w“en.  on  the  othef 

“iSfrSKcr;;  s3fi=s.i.5  £ 

1,™  fiWeriYahleftom  the  large  ^ 

wth  the  same  extent  of  ^n^  convenience  in  manipulation, 
iSSn  ^>ln7a"i?crr«e  o“f  “e-tration'  or  • foca^  depth.’ 
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Further,  the  obsei-ver  is  rendered  less  dependent  upon  the  exactness 
in  the  co^ection  tor  the  thickness  of  the  covering-glass,  which  is 
needed  where  objectives  of  large  angle  are  used  ‘ dry for  as  the 
amoxmt  of  ‘ negative  aberration  ’ (§  17)  is  far  smaller  when  the  rays 
which  emerge  from  the  covering-glass  pass  into  water,  than  when 
they  pass  into  air,  variations  in  its  thickness  produce  a much  less 
disturbmg  effect.  And  thus  it  is  found  practically  that  ‘ immer- 
sion objectives,  can  be  constructed  with  magnifying  powers  suffi- 
ciently high,  and  angular  apertures  sufficiently  large,  for  all  the 
ordinary  pu^oses  of  scientific  investigation,  without  any  necessity 
tor  cover-adjustment;  being  originally  adapted  to  give  the  best 
results  with  a covermg-glass  of  suitable  thinness,  and  smaU  depar- 
tures from  this  m either  direction  occasioning  very  little  deteriora- 
tion m their  performance.  For  ‘water-immersion’  objectives  of 
st  aperture,  however,  to  be  used  upon  the  most 
aiflicuit  objects,  exact  cover-correction  is  still  necessary  —Whilst 
immersion  -objectives  constmcted  on  the  original  plan  can  only 
be  employed  wet  (that  is,  with  the  interposition  of  water),  Messrs. 
FoweU  and  L^and— followed  by  other  makers— have  so  arranged 
their  combmations,  that  b;^  a change  in  the  front  lens  they  may  be 
used  dry  as  m the  ordinary  manner.  And  in  Mr.  Wenham’s 
system  not  even  this  change  is  required,  the  change  from  ‘ wet  ’ to 

l^emg  accomplished  by  an  alteration  in  the 
the  front  lens  from  the  middle  triplet,  made  by  the 
bcrew-collar,  as  in  ordinary  cover-correction. 

‘immersion  system’  has  recently  undergone  a still 
urther  development,  by  the  practical  application  of  a method 
pnginally  suggested  by  Mr.  Wenham*  (bit  never  canded  by  hhn 
+n  independently  suggested  by  Mr.  Stephensonf 

to  Frof.  Abbe  of  Jena,  under  whose  scientific  direction  it  has  beei 
worked-out  by  the  very  able  German  optician,  Zeiss,  with  complete 

1 consists  in  the  replacement  of  the  ^Lter 

between  the  covering-glass  and  the  front 
fwSvpS®  objective,  by  a hquid  having  the  same  refractive  and 
frZ  ^ crown-glass ; so  that  the  rays  issuing  at  any  anrie 

objective  mthout  any  change  either  by  refraction 
mort  *>y  i-ofleotion-even  the 

St  theS mdeflected eonree, until  they 

are  obtaimhlo  from  the  eystem  of  mooter  immersion 

SwSSm  • ' completeness  by  this  system  of 

Sr  t,  rer  a WoM  can  be  fouhd  which 

S AbLSdTS  of  experiments, 

glass  alike  in  r f ^;®‘l^^;'''^ood  so  nearly  corresponds  with 

liuZse  extrer^^^^^  dispersive  power,  that  it  serves  the 

1 rpose  ^extremely  well,  except  when  it  is  desired  to  take  special 

+ » Journal, " Vol.  iii.  (1870),  p,  303. 

T Jonrri,  of  Royal  Microsc,  Society,”  Vol,  i.  (lS78,)i*, 
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advantage  of  tlie  most  divergent  or  marginal  rays,  oil  of  fennel 
being  then  preferable.  Objectives  of  ^th,  y^th,  and  inch  focal 
length  have  been  constructed  on  this  plan  by  Zeiss ; and  it  appears 
certain  that’  by  its  means  a larger  angle  of  aperture  can  be 
effectively  obtained,  than  on  any  other  construction.^  Whether 
any  tests  can  be  resolved  by  its  use,  on  which  other  objectives  fail, 
is  a point  not  yet  satisfactorily  determined.  But  there  can  be  no 
doubt  that  the  system  of  ‘ homogeneous^  immersion  ’ will  greatly 
facilitate  the  use  of  objectives  possessing  the  largest  angular 
aperture,  and  capable  of  affording  the  highest  magi^ying  power, 
for  the  ordinary  purpose  of  scientific  research.  It  is  precisely  in 
the  case  of  such  objectives,  that  the  ‘ coyer- correction  ’ needs  to  be 
most  exact.  And  although  the  practised  Microscopist  has  no 
difficulty  in  making  this,  when  the  object  at  which  he  is  looking 
(such  as  a Diatom,  a Podura-scale,  or  a band  of  Nobert’s  ruled 
lines)  is  hiown  to  him,  yet  the  case  is  entirely  different  when  the 
object  is  altogether  unhnmon.  _ For  in  examining  such  an  object, 
he  may  be  only  able  to  satisfy  himself  after  repeated  trials, 
involving  much  expenditure  of  time  and  patience,  as  to  the  coyer- 
correction  which  gives  the  truest  representation  of  the  object;  whilst, 
in  using  a ‘homogeneous’  or  ‘oil-immersion’  objective,  he  is  able 
to  feel  an  absolute  certainty  that,  without  any  adjustment  at  all, 
the  view  which  he  gains  of  an  unknown  object  is  in  every  respect 
at  least  equal  to  that  which  he  can  obtain  from  the  best  ‘ dry  ’ or 
‘ water-immersion’  objective,  most  exactly  adjusted  for  thickness  of 
cover. — This  system  has  been  taken  up.  also  by  Messrs.  Powell  and 
Lealand.who  have  constructed  admirable  ‘oil-immersion’  objectives 
ranging  to  l-25th  inch  focus,  which,  by  a change  of  the  front  lens, 
may  also  be  used  ‘ dry.’ 

21.  We  are  now  prepared  to  enter  upon  the  application  of  the 
Optical  principles  which  have  been  explained  and  illustrated  in 
the  foregoing  pages,  to  the  construction  of  Microscopes.  ^ These 
are  distinguished  as  Swijyle  and  Covipound ; each  kind^  having  its 
peculiar  advantages  to  the  Student  of  Nature.  Their  essential 
difference  consists  in  this  : — that  in  the  former,  the  rays  of  light 
which  enter  the  eye  of  the  observer  proceed  directly  from  the 
object  itself,  after  having  been  subjected  only  to  a change  in  their 
course ; whilst  in  the  latter,  an  enlarged  iimfje  of  the  object  is 
formed  by  one  lens,  which  image  is  magnified  to  the  observer 
by  another,  as  if  he  were  viewing  the  object  itself.  The 
Microscope  may  consist  of  a single  lens  ; but  (as  will  be  presently 
shown)  it  maybe  formed  of  two,  or  even  three:  these,  however, 
being  so  disposed  as  to  produce  an  action  upon  the  rays  of  light 
corresponding  to  that  of  a single  lens.  In  the  Compound  klicro- 
scope,  on  the  other  hand,  not  less  than  two  lenses  mmt  be  em- 
ployed : one,  to  form  the  enlarged  image  of  the  object,  immediately 
over  which  it  is  placed,  and  hence  called  the  object-glass ; whilst  tlie 
other  again  magnifies  that  image,  and,  being  interposed  between  it 
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und  the  eye  of  the  observer,  is  called  the  eye-glass.  A perfect  Object- 
'glass,  as  we  have  seen,  must  consist  of  a combination  of  lenses  : 
and  the  Eye-glass  is  best  combined  with  another  lens  interposed 
between  itseh  and  the  object-glass,  the  two  together  forming  what 
is  termed  an  eye-jpiece  (§  27). — These  two  kinds  of  instrument  need 
to  be  separately  considered  in  detail. 

2.  8vm,ple  Microscope. 

22.  In  order  to  gain  a clear  notion  of  the  mode  in  which  a Single 
Lens  serves  to  ‘magnify’  minute  objects,  it  is  necessary  to  revert 
to  the  phenomena  of  ordinary  Yision.  An  Eye  free  from  any 
defect  has  a considerable  power  of  adjusting  itseK  in  such  a 
manner  as  to  gain  a distinct  view  of  objects  placed  at  extremely 
varying  distances ; but  the  image  formed  upon  the  retina  will  of 
course  vary  in  size  with  the  distance  of  the  object ; and  the  amount 
of  detail  perceptible  in  it  will  follow  the  same  proportion.  To 
ordinary  eyes,  however,  there  is  a limit  within  which  no  distinct 
image  can  be  formed,  on  account  of  the  too- great  divergence  of  the 
rays  of  the  different  pencils  which  then  enter  the  eye ; since  the 
eye  is  usually  adapted  to  receive,  and  to  bring  to  a focus,  rays 
which  are  parallel  or  but  slightly  divergent.  This  limit  is  variously 
stated  at  from  5 to  10  inches  ; but  though  there  are  doubtless  many 
persons  whose  vision  is  good  at  the  shorter  range,  yet  the  longer 
is  probably  the  real  limit  for  persons  of  ordinary  vision ; who, 
though  they  may  see  an  object  much  nearer  the  eye,  discern  httle 
if  any  more  of  its  details,  what  is  gained  in  size  being  lost  in  dis- 
tinctness. How  the  utility  of  a convex  lens  interposed  between  a 
near  object  and  the  eye,  consists  in  its  reducing  the  divergence  of 
the  rays  forming  the  several  pencils  which  issue  from  it ; so  that 
they  enter  the  eye  in  a state  of  moderate  divergence,  as  if  they 
had  issued  from  an  object  beyond  the  nearest  limit  of  distinct 
^sion,  a well-defined  picture  being  thus  formed  upon  the  retina. 
Not  only,  however,  is  the  course  of  the  several  rays  in  each  pencil 
altered  as  regards  the  rest,  but  the  course  of  the  pencils  themselves  is 
changed,  so  that  they  enter  the  eye  under  an  angle  corresiDonding 
with  that  under  which  they  would  have  arrived  from  a larger  object 
situated  at  a greater  distance ; and  thus  the  picture  formed  upon  the 
retina  by  any  object  {a  h,  Fig.  12),  corresponds  in  all  respects  with 
have  been  made  by  the  same  object  increased  in 
ite  dimension  to  .v  n,  and  -viewed  at  the  smallest  ordinary  distance 
of  distinct  "vision.  A ‘short-sighted’  person,  however,  who  can 
only  see  objects  ^stinctly  at  a distance  of  two  or  three  inches,  has 
Pp^6r  in  his  eye  alone  by  reason  of  its  great  convexity, 
413  that  which  the  person  of  ordinary  vision  gains  by  the  assistance 
or  a convex  lens  which  shall  enable  him  to  see  at  the  same  distance 
with  equal  distinctness.  It  is,  evident  therefore,  that  the  magni- 
lying  power  of  a single  lens,  depending  as  it  does  upon  the  propor- 
tion between  the  distance  at  which  it  renders  the  object  visible,  and 
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the  nearest  distance  of  unaided  distinct  vision,  must  be  different  to^ 
diflPerent  eyes.  It  is  usually  estimated,  however,  by  finding  how 


Fig.  12. 


Diagram  illustrating  the  action  of  the  Simple.  Microscope ; a h object ; 

A B its  magnified  image. 

many  times  the  focal  length  of  the  lens  is  contained  in  ten  inches 
since,  in  order  to  render  the  rays  from  the  object  nearly  parallel,  it 
must  be  placed  nearly  in  the  focus  of  the  lens  (Fig.  3) ; and  the 
picture  is  referred  by  the  mind  to  an  object  at  the  ordmary  distance. 
Thus,  if  the  focal  length  of  a lens  be  one  inch,  its  magnifying  power 
for  each  dimension  will  be  10  times,  and  consequently  100  super- 
ficial; while  if  its  focal  distance  be  only  one-tenth  of  an  inch,. its. 
magnifying  power  will  be  100  linear,  or  10,000  superficial. 

23.  But  the  shorter  the  focus  of  the  magnifying  lens,  the  smaller 
must  be  the  diameter  of  the  sphere  of  which  it  forms  part ; and,, 
unless  its  aperture  be  proportionately  reduced,  the  distinctness  of 
the  image  will  be  destroyed  by  the  spherical  and  chromatic  aber- 
rations (§§  9,  12)  necessailly  resulting  from  its  high  curvature- 
Yet  notwithstanding  the  loss  of  light  and  other  drawbacks  atten- 
dant on  the  use  of  Single  Lenses  of  high  power,  they  proved  of 
great  value  to  the  older  Microscopists  (among  whom  Leeuwenhoek 
should  be  specially  named),  on  account  of  their  freedom  from  the 
errors  to  which  the  Compound  Microscope  of  the  old  construction 
was  necessarily  subject ; and  the  amount  of  exceUent  work  done  by 
means  of  them  surprises  every  one  who  studies  the  history  of 
Microscopic  inquiry. — 'Ajx  important  improvement  on  the  single  lens 
was  introduced  by  Dr.  Wollaston,  who  devised  the  doublet,  still 
known  by  his  name ; which  consists  of  two  plano-convex  lenses,, 
whose  focal  lengths  are  in  the  projiortion  of  one  to  three,  or  nearly 
so,  having  their  convex  sides  directed  towards  the  eye,  and  the  lens 
of  shortest  focal  length  nearest  the  object.  In  Dr.  W.’s  original 
combination,  no  perforated  diaphragm  (or  ‘ stop  ’)  was  mterposed  ; 
and  the  distance  between  the  lenses  was  left  to  be  determmed  by 
experiment  in  each  case.  A great  improvement  was  subsequently 
made,  however,  by  the  introduction  of  a ‘ stop  ’ between  the  lenses 


SIMPLE  MICROSCOPE. — CODDINGTON  LENS. 


23 


and  tbe  division  of  tho  power  of  th.e  smaller  lens  between  two 
(especially  when  a very  short  focus  is  required),  so  as  to  form  a 
as  first  suggested  by  Mr.  Holland.*  T\Then  combinations  of 
this  kind  are  well  constructed,  both  the  spherical  and  the  chromatic 
aberrations  are  so  much  reduced,  that  the  angle  of  aperture  may  be 
considerably  enlarged  without  much  sacrifice  of  distinctness  ; and 
hence  for  all  save  very  low  powers,  such  ‘ doublets  ’ and  ‘ triplets  ’ 
are  far  superior  to  single  lenses.  These  combinations  took  the 
place  of  single  lenses,  among  Microscopists  (in  this  country  at  least) 
who  were  prosecuting  minute  investigations  in  Anatomy  and  Phy- 
siology prior  to  the  vast  improvements  effected  in  the  Compound 
Mcroscope  by  the  achromatization  of  its  object-glasses  (§  15) ; and, 
in  particular,  the  admirable  researches  of  Dr.  Sharpey,j'  on  ciliary 
action  in  Animals  (1830-35),  and  Mr.  Henry  Slack’s  beautiful  dissec- 
tions of  the  elementary  tissues  of  Plants,  as  also  his  excellent  observa- 
tions on  Vegetable  cyclosis  (1831),  were  made  by  their  means. — The 
performance  of  even  the  best  of  these  forms  of  Simple  microscope, 
however,  is  so  far  inferior  to  that  of  a good  Compound  microscope, 
as  now  constructed,  that  no  one  who  has  the  command  of  the  latter 
form  of  instrument  would  ever  use  the  higher  powers  of  the  former. 
And  as  it  is  for  the  prosecution  of  observations,  and  for  the  carrying 
on  of  dissections,  which  only  require  low  powers,  that  the  Simple 
microscope  is  chiefly  needed,  the  W ollaston  doublet  has  now  almost 
gone  out  of  use. 

24.  Another  form  of  Simple  magnifier,  possessing  certain  ad- 
vantages over  the  ordinary  double-convex  lens,  is  that  commonly 
known  by  the  name  of  the  ‘ Coddington’  lens.§  The  first  idea  of 
it  was  given  by  Dr.  Wollaston,  who  proposed  to  apply  two  plano- 
convex or  hemispherical  lenses  by  their  plane  sides,  with  a ‘ stop’ 
mterposed,  the  central  aperture  of  which  should  be  equal  to  l-5th 
of  the  focal  length.  The  great  advantage  of  such  a lens  is,  that 
the  oblique  pencils  pass,  like  the  central  ones,  at  right  angles  to 
the  surface,  so  that  they  are  but  little  Subject  to  aberration.  The 
idea  was  further  improved-upon  by  Sir  D.  Brewster,  who  pointed 
out  that  the  same  end  would  be  much  better  answered  by  taking  a 
glass,  and  grinding  a deep  groove  in  its  equatorial  part, 
which  should  be  then  filled  with  opaque  matter,  so  as  to  limit  the 
central  aperture.  Such  a lens  gives  a large  field  of  view,  admits 
a considerable  amount  of  light,  and  is  equally  good  in  all  directions  ; 
but  its  power  of  definition  is  by  no  means  equal  to  that  of  an 
^hromatic  lens,  or  even  of  a doublet.  This  form  is  chiefly  useful, 
herefore,  as  a Hand-magnifier,  in  which  neither  high  power  nor 

+ c!  u-  K “Transnctions  of  the  Society  of  Arts,”  Vol.  xlix. 

1 Article  Cilia  in  the  “ Oyclopaedia  of  Auatomy  and  Physiology,” 

.MU  1C  references  under  that  head  in  the  Index  to  the  present  work. 

I bee  his  Memoir,  with  two  beautiful  Plates,  in  the  “Transactions  of  tho 
Society  of  Arts,”  Vol.  xlix.,  pp.  C,  7. 

5 This  name,  however,  is  most  inappropriate ; since  Mr.  Ooddingtou  neither 
Vr  a8  nor  ever  clnimod  to  be,  the  inventor  of  tho  mode  of  construction  by  which 
tfiis  lens  18  distinguished. 


24 


OPTICAL  PEINCIPLES  OF  THE  MICROSCOPE. 


perfect  definition'is  required ; its  peculiar  qualities  rendering  it  supe- 
rior to  an  ordinary  lens,  for  the  class  of  objects  for  which  a hand- 
magnifier  of  medium  power  is  required.  Many  of  the  magnifiers  sold 
as  ‘ Ooddington’  lenses,  however,  are  not  really  portions  of  spheres, 
but  are  manufactured  out  of  ordinary  double-convex  lenses,  and  are 
therefore  destitute  of  the  special  advantages  of  the  real  ‘ Codding- 
ton.’ — The  ‘ Stanhope’  lens  somewhat  resembles  the  preceding  in 
appearance,  but  differs  from  it  essentially  in  properties.  It  is 
nothing  more  than  a double-convex  lens,  having  two  surfaces  of 
unequal  curvatures,  separated  from  each  other  by  a considerable 
thickness  of  glass  ; the  distance  of  the  two  surfaces  from  each  other 
being  so  adjusted,  that  when  the  most  convex  is  turned  towards  the 
eye,  minute  objects  placed  on  the  other  surface  shall  be  in  the  focus 
of  the  lens.  This  is  an  easy  mode  of  applying  a rather  high  magni- 
fying  power  to  scales  of  butterfiies’  wings,  and  other  similar  flat 
and  mmute  objects,  which  will  readily  adhere  to  the  surface  of  the 
glass ; and  it  also  serves  to  detect  the  presence  of  the  larger  ani- 
malcules or  of  crystals  in  minute  drops  of  fluid,  to  exhibit  the  ‘ eels’ 
in  paste  or  vinegar,  &c.,  &c. — A modified  form  of  the  ‘ Stanhope  ’ 
lens,  in  which  the  surface  remote  from  the  eye  is  plane  instead  of 
convex,  has  been  brought  out  in  France  under  the  name  of  ‘ Stan- 
hoscope,’  and  has  been  especially  apphed  to  the  enlargement  of 
minute  pictures  photographed  on  its  plane  sui'face  in  the  focus  of 
its  convex  suiface.  A good  ‘ Stanhoscope,’  magnifying  from  100 
to  150  dianieters,  is  a very  convenient  form  of  hand-magnifier  for 
the  recognition  of  Diatoms,  Infusoria,  &c. ; all  that  is  required 
being  to  place  a minute  drop  of  the  liquid  to  be  examined  on  the 
plane  surface  of  the  lens,  and  then  to  hold  it  up  to  the  fight.* 

25.  For  the  ordinary  purposes  of  Microscopic  dissection,  single 
lenses  of  from  3 inches  to  1 inch  focus  answer  very  well.  But  when 
higher  powers  are  required,  and  when  the  use  of  even  the  lower 
powers  is  continued  for  any  length  of  time,  great  advantage  is 
derived  from  the  employment  of  Achromatic  combinations  now 
made  expressly  for  this  pui’pose  by  several  Opticians.  The  writer 
has  worked  most  satisfactoidly  for  several  years  with  the  ‘ platy- 
scopic  lens,’  magnifying  about  15  diameters,  made  by  Mr.  Brown- 
ing, who  makes  similar  combinations  of  20  and  30  diameters.  And 
he  can  speak  equally  favourably  of  the  ‘ Steinheil  doublets’  (con- 
structed by  the  eminent  Munich  optician  of  that  name,  and  intro- 
duced into  this  country  by  Messrs.  Murray  and  Heath),  of  which 
there  are  six,  ranging  from  2f  inches  to  f inch  focus.  The  Browning 
and  the  Steinheil  combinations  give  much  more  fight  than  single 
lenses,  with  much  better  definition,  a very  flat  field,  longer  working 
distance  (which  is  very  important  in  minute  dissection),  and,  a^  a 
consequence,  greater  ‘focal  depth’  or  ‘penetration’ — i.e.  a clearer  view 
of  those  parts  of  the  object  which  fie  above  or  below  the  exact  local 

» See  “Quart.  Joum.  of  Microsc.  Science,”  Vol.  vi.,  N.S.  (1866),  p.  263. — 
Of  tLe  Stauhoscopes  sold  by  Toy-dealers  at  a very  low  price,  only  a part  are 
really  serviceable ; care  is  requisite,  therefore,  in  the  selection. 
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plane.  And  only  those  who,  like  the  writer,  have  carried  on  a piece 
of  minnte  and  difficult  dissection  through  several  consecutive  hours, 
can  appreciate  the  advantage  in  comfort  and  in  diminished  fatigue 
of  eije,  wliich  is  gained  by  the  substitution  of  one  of  these  Achro- 
matic combinations  for  a single  lens  of  equivalent  focus,  even 
Avhere  the  use  of  the  former  reveals  no  detail  that  is  not  discernible 
by  the  latter. 

3.  Gomiyov,nd  Microscojpe. 

26.  The  Compound  IMicroscope,  in  its  most  simple  form,  consists 
of  only  two  lenses,  the  object-glass  and  the  eye-glass.  The  former, 
•c  D (Fig.  13),  receives  the  hght-rays  direct  from  the  object,  a b, 
brought  into  near  proximity  to  it,  and  forms  an  enlarged  but  inverted 
and  reversed  image,  a'  b',  at  a greater  distance  on  the  other  side  (§  8) ; 
whilst  the  latter,  l m,  receives  the  rays  which  are  diverging  from 
this  image,  as  if  they  proceeded  from  an  object  actually  occupying 
its  position  and  enlarged  to  its  dimensions,  and  brings  these  to  the 
eye  at  e,  so  altering  their  coiu’se  as  to  make  that  image  appear  far 
larger  to  the  eye,  precisely  as  in  the  case  of  the  Simple  microscope 
(§  22). — It  is  obvious  that,  in  the  use  of  the  very  same  lenses,  a 
considerable  variety  of  magnifying  power  may  be  obtained,  by 
merely  altering  their  position  in  regard  to  each  other  and  to  the 
object:  for  if  the  eye-glass  be  carried  farther  from  the  object-glass, 
whilst  the  object  is  approximated  nearer  to  the  latter,  the  image 
a'  b'  wlU  be  formed  at  a greater  distance  from  it,  and  its  dimensions 
ivill  consequently  be  augmented  ; whilst,  on  the  other  hand,  if  the 
eye-glass  be  brought  nearer  to  the  object-glass,  and  the  object 
removed  farther  from  it,  the  distance  of  the  image  will  be  a much 
smaller  multiple  of  the  distance  of  the  object,  and  its  dimensions 
proportionately  diminished.  We  shall  hereafter  see  that  this  mode 
of  varying  the  magnifying  power  of  Compound  Microscopes  may 
be  turned  to  good  account  in  more  than  one  mode  (§§  83,  84) ; but 
there  are  limits  to  the  use  which  can  be  advantageously  made  of  it. 

The  amplification  may  also  be  varied  by  altering  the  magnifying 
power  of  the  Eye-glass ; but  here,  too,  there  are  limits  to  the 
increase ; since  defects  of  the  object-glass  which  are  not  percep- 
tible when  its  image  is  but  moderately  ehlarged,  are  brought  into 
injurious  prominence  when  the  imperfect  image  is  amplified  to  a 
much  greater  extent.  In  practice,  it  is  generally  found  much  better 
to  vary  the  power  by  employing  object-glasses  of  difi’erent  foci:  an 
object-glass  of  long  focus  forming  an  image  which  is  not  at  many 
times  the  distance  of  the  object  from  the  other  side  of  the  lens,  and 
’5^ich,  therefore,  is  not  of  manj^  times  its  dimension ; whilst  an 
object-glass  of  shoH  focus  requires  that  the  object  should  be  so 
nearly  approximated  to  it,  that  the  distance  of  the  image  is  a much 
higher  multiple  of  the  object,  and  its  dimensions  are  proportionably 
largen-  In  whatever  mode  increased  amplification  may  be  obtained, 
two  things  must  always  result  from  the  change  : the  proportion  of 
the  surface  of  the  object  of  which  an  image  can  be  formed  must  be 
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diminished ; and  the  quantity  of  light  spread  over  that  image  must 
be  iwoportiouably  lessened. 


Fio.  I.B.  Fio.  14. 


Diagram  of  simplust  form  of  Diagram  of  complete 

Compound  Microscope.  Compound  iricroscope. 


27.  lu  addition  to  the  two  lenses  of  which  the  Comj^ound 
Microscope  essentially  consists,  it  is  found  advantageous  to  intro- 
duce another  {v  f,  Fig,  14),  between  the  object-glass  and  the  image 
formed  by  it ; the  purpose  of  this  lens  being  to  change  the  course 
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of  the  rays  in  such  a manner,  that  the  image  may  he  formed  of 
ilimensions  not  too  great  for  the  whole  of  it  to  come  within  the 
range  of  the  Eye-glass.  As  it  thus  allows  more  of  the  object  to  be 
seen  at  once,  it  has  been  called  the  field-glass  ; but  it  is  now  usually 
considered  as  belonging  to  the  ocular  end  of  the  instrument— the 
eye-glass  and  the  field-glass  being  together  termed  the  Eye-piece. 
V arious  forms  of  this  Eye-piece  have  been  proposed  by  different 
Opticians  ; and  one  or  another  will  be  preferred,  according  to  the 
purpose  for  which  it  may  be  required.  That  which  it  is  most  advan- 
tageous to  employ  with  Achromatic  object-glasses,  to  the  perform- 
ance of  which  it  is  desired  to  give  the  greatest  possible  effect,  is 
termed  the  Huyglienian ; having  been  employed  by  Huyghens  for 
his  telescopes,  although  without  the  knowledge  of  all  the  advan- 
tages which  its  best  construction  renders  it  cajjable  of  affording.  It 
consists  of  two  plano-convex  lenses  (e  e and  e e.  Fig.  14),  with 
their  plane  sides  towards  the  eye ; these  are  placed  at  a distance 
equal  to  half  the  sum  of  their  focal  lengths ; or,  to  speak  with 
more  jprecision,  at  half  the  sum  of  the  focal  length  of  the  eye-glass, 
and  of  the  distance  from  the  field-glass  at  which  an  image  of  the 
object-glass  would  be  formed  by  it.  A ‘ stop’  or  diaphragm,  b b, 
must  be  placed  between  the  two  lenses,  in  the  visual  focus  of  the 
^y®"g\^ss,  which  is,  of  course,  the  position  wherein  the  image  of 
the  object  will  be  formed  by  the  rays  brought  into  convergence  by 
their  passage  through  the  field-glass. — Huyghens  devised  tliis 
arrangement  merely  to  diminish 
the  Spherical  aberration ; but  it 
was  subsequently  shown  by  Bos- 
cqvich  that  the  Chromatic  disper- 
sion was  also  in  great  part  cor- 
rected by  it.  Since  the  introduc- 
tion of  Achromatic  object-glasses 
for  Compound  Microscopes,  it  has 
been  further  shown  that  nearly  all 
error  may  be  avoided  by  a slight 
over-correction  of  these ; so  that 
the  blue  and  red  rays  may  be 
caused  to  enter  the  eye  in  a parallel 
^rection  (though  not  actually  co- 
incident), and  thus  to  produce  a 
colourless  image.  Thus  let  n at  n 
(Fig.  15)  represent  the  two  extreme 
rays  of  three  pencils,  which,  with- 
out the  field-glass,  would  form  a 
due  image  convex  to  the  eye-glass 
at  B and  a red  one  at  k e.  ; then, 
hy  the  intervention  of  the  tield- 
g ass,  a blue^  image,  concave  to  mmic  uDjectives. 

e eye-glass,  is  formed  at  b'  b',  and  a red  one  at  r'  r'.  As  the  focus 
o le  Eye-glass  is  shorter  for  blue  rays  than  for  red  rays  by  just 


Fig.  15. 


fSectiou  ol  Huiiijlivnian  Eye-jnece 
adapted  to  over-corrected  Achro- 
matic Objectives. 
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the  difference  in  the  place  of  these  images,  their  rays,  after  refraction 
by  it,  enter  the  eye  in  a parallel  direction,  and  produce  a picture 
free  from  false  colour.  If  the  object-glass  had  been  rendered  per- 
fectly achromatic,  the  blue  rays,  after  passing  through  the  field- 
glass,  -would  have  been  brought  to  a focus  at  h,  and  the  red  at  r ; so 
that  an  error  woidd  be  produced,  which  would  have  been  increased 
instead  of  being  corrected  by  the  eye-glass.  Aziother  advantage 
of  a well-constructed  Huyghenian  eye-piece  is,  that  the  image  pro- 
duced by  the  meeting  of  the  rays  after  passing  through  the  field-glass, 
is  by  it  rendered  concave  towards  the  eye-glass,  ins'tead  of  convex, 
so  that  every  part  of  it  may  be  in  focus  at  the  same  time,  and  the  field 
of  view  thereby  rendered  flat.* — Two  or  more  Huyghenian  Eye- 
pieces, of  different  magnifying  powers,  kno-wn  as  A,  B,  C,  &c.,  are 
usually  supplied  with  a Compound  Microscope.  The  utility  of  the 
higher  powers  wiU  mainly  depend  upon  the  excellence  of  the  Objec- 
tives ; for  when  an  Achromatic  combination  of  small  aperture,  which 
is  sufficiently  well  corrected  to  perform  very  tolerably  with  a ‘ low’ 
or  ‘ shallow’  eye-piece,  is  used  with  an  eye-piece  of  higher  magnify- 
ing power  (commonly  spoken  of  as  a ‘ deeper’  one),  the  image  may 
lose  more  in  brightness  and  in  definition  than  is  gained  by  its 
amplification ; whilst  the  image  given  by  an  Objective  of  large 
angular  aperture  and  very  perfect  correction,  shall  sustain  so  little 
loss  of  light  or  of  definition  by  ‘ deep  eye-piercing,’  that  the  increase 
of  magnifying  power  shall  be  almost  clear  gain.  Hence  the  modes 
in  which  different  Objectives  of  the  same  power,  whose  perfonnance 
with  shallow  eye-pieces  is  nearly  the  same,  are  respectively  affected 
by  deep  eye-pieces,  afford  a good  test  of  their  respective  merits ; 
since  any  defect  in  the  corrections  is  sure  to  be  brought  out  by  the 
higher  amplification  of  the  image,  whilst  a deficiency  of  aperture 
is  manifes'ted  by  the  want  of  light. — The  working  Microscopist  will 
generally  find  the  A eye-piece  most  suitable,  B being  occasion- 
ally employed  when  a greater  power  is  required  to  separa'te  details, 
whilst  C and  others  still  deeper  are  useful  for  the  purpose  of  'testing 
the  goodness  of  Objectives,  or  for  special  investigations  requiring 
the  highest  amplification  -with  Objectives  of  the  finest  (juaHty. 
When  great  penetration  or  ‘ focal  dejpth’  is  required,  low  Objectives 
and  deep  Eye-pieces  will  often  be  found  convenient. 

28.  For  viewing  large  flat  objects,  such  as  transverse  sections  of 
Wood  (Chap.  IX.)  or  of  Echinus-spines  (Pla-te  ii.  Fig.^  1),  under  low 
magnifying  powers,  the  Eye-piece  known  as  Kellner  s may  be  em- 
ployed with  advantage.  In  tnis  construction,  the  field-glass,  which 
IS  a double-convex  lens,  is  placed  in  the  focus  of  the  eye-glass, 
without  the  interposition  of  a diaphragm ; and  the  eye-glass  is  an 

* Tliose  who  desire  to  gain  more  information  upon  this  subject  than  they 
can  from  the  above  notice  of  it,  may  bo  referred  to  _Mr.  Varley’s  investigation 
of  the  properties  of  the  Huyghenian  Eye-piece,  in  the  61st  volume  of  the 
“ Transactions  of  the  Society  of  Arts and  to  the  article  “ Microscope,”  by 
Mr.  Ross,  in  the  “Penny  Cycloptedia,”  reprinted,  with  additions,  in  the 
^‘English  Cyclopoedia.” 
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achromatic  combination  of  a plano-concave  of  flint  with  a double- 
convex  of  crown,  which  is  slightly  under-corrected,  so  as  to  neu- 
tralize the  over-correction  given  to  the  Objectives  for  use  with 
Huyghenian  eye-pieces  (§  27).  A flat  well-illuminated  field  of  as 
much  as  fourteen  inches  in  diameter  may  thus  be  obtained  with 
very  httle  loss  of  light ; but,  on  the  other  hand,  there  is  a certain  im- 
pairment of  defining  power,  which  renders  the  Kellner  eye-piece 
unsuitable  for  objects  presenting  minute  structural  details ; and  it 
is  an  additional  objection,  that  the  smallest  speck  or  smear  upon 
the  surface  of  the  field-glass  is  made  so  unpleasantly  obvious,  that 
the  most  careful  cleansing  of  that  surface  is  required  every  time 
that  this  Eye-piece  is  used.  Hence  it  is  better  fitted  for  the  occa- 
sional display  of  objects  of  the  character  already  specified,  than 
for  the  ordinary  wants  of  the  working  Microscopist. 

29.  A solid  Eye-piece  made  on  the  principle  of  the  ‘ Stanhope’ 
lens  (§  24)  is  sometimes  used  in  place  of  the  ordinary  Huyghenian,- 
when  high  magnifying  power  is  required  for  testing  the  perform- 
ance of  Objectives.  The  lower  surface,  which  has  the  lesser  con- 
vexity, serves  as  a ‘ field-glass whilst  the  image  formed  by  this 
is  magnified  by  the  highly  convex  upper  surface  to  which  the  eye- 
is  applied ; the  advantage  supposed  to  be  derived  from  this  con- 
struction lying  in  the  abolition  of  the  plane  surfaces  of  the  two 
lenses  of  the  ordinary  eye-piece.  A ‘ positive’  or  Kamsden’s  Eye- 
piece— in  which  the  field-glass,  whose  convex  -side  is  turned  up- 
wards, is  placed  so  much  nearer  the  eye-glass  that  the  image 
formed  by  the  Objective  lies  below  instead  of  above  it, — was  for- 
merly used  for  the  purpose  of  Micrometry ; a divided  glass  being 
fitted  in  the  exact  plane  occupied  by  the  image,  so  that  its  scale 
and  that  image  are  both  magnified  together  by  the  lenses  interposed 
between  them  and  the  eye.  The  same  end,  however,  may  be  so 
readily  attained  with  the  Huyghenian  eye-piece  (§  91),  that  no 
essential  advantage  is  gained  by  the  use  of  that  of  Eamsden,  the  field 
of  which  is  distinct  only  in  its  centre. 

4.  Stereoscopic  Binocular  Microscope. 

30.  The  admirable  invention  of  the  Stereoscope  by  Professor 
Wheatstone,  has  led  to  a general  appreciation  of  the  value  of  the 
conjoint  ^^se  of  both  eyes  in  conveying  to  the  mind  a notion  of  the 
solid  forms  of  objects,  such  as  the  use  of  either  eye  singly  does  not 
generate  with  the  like  certainty  or  effectiveness.  And  after  several 
attempts,  which  were  attended  with  various  degrees  of  success,  the 
principle  of  the  Stereoscope  has  now  been  applied  to  the  Micro- 
scope, with  an  advantage  which  those  only  can  truly  estimate,  who- 
(like  the  Author)  have  been  for  some  time  accustomed  to  woi'k  with 
the  Stereoscopic  Binocular*  upon  objects  that  are  peculiarly 

* It  has  become  necessary  to  distinguish  the  Binocular  Microscope  whicli 
gives  tnio  Stereoscopic  effects  by  the  combination  of  two  dissimilar  pictures, 
from  a Binocular  which  simply  enables  tis  to  look  with  both  eyes  at  images- 
which  are  essentially  identical  (§  81). 
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adapted  to  its  powers.  As  the  result  of  this  application  cannot  he 
rightly  understood  without  some  knowledge  of  one  of  the  lunda- 
niental  principles  of  Binocular  vision,  a brief  account  of  this  wdl 
be  here  introduced. — All  vision  depends  in  the  first  instance  on  the 
formation  of  a picture  of  the  object  upon  the  retina  of  the  Eye,  just 
as  the  Camera  Obscura  forms  a picture  upon  the  ground  glass 
placed  in  the  focus  of  its  lens.  But  the  two  images  that  are  tormed 
by  the  two  eyes  respectively,  of  any  solid  object  that  is  placed  at 
uo  great  distance  in  front  of  them,  are  far  from  being  identical;  the 
perspective  projection  of  the  object  varying  with  the  point  ot  ^ew 
from  which  it  is  seen.  Of  this  the  reader  may  easdy  coniance  him- 
self by  holding  up  a thin  book  in  such  a position  that  its  back  shail 
be  at  a moderate  distance  in  front  of  the  nose,  and  by  lookmg  at 
the  book,  first  with  one  eye  and  then  with  the  other  ; for  he  will 
find  that  the  two  views  he  thus  obtains  are  essentially  difierent,  so 
that  if  he  were  to  represent  the  book  as  he  actually  sees  m with 
each  eye,  the  two  pictures  would  by  no  means  coiresponA  Y _et  on 
looking  at  the  object  with  the  two  eyes  conjointly,  there  is  no 
confusion  between  the  images,  nor  does  the  mmd  dwell  on  either 
of  them  singly;  but  from  the  blending  of  the  two  a conception  is 
gained  of  a solid  projecting  body,  such  as  could  only  bepthe^se 
acquired  by  the  sense  of  Touch.  Now  if,  instead,  of  lookmg  at  the 
solid  object  itself,  we  look  with  the  o-ight  and  le^  eyes  respectively 
at  pictures  of  the  object,  corresponding  to  those  which  woiild  be 
foi-med  by  it  on  the  retinae  of  the  two  eyes  if  it  were  placed  at  a 
moderate  distance  in  front  of  them,  and  these  visual  pictures  are 
brouo-ht  into  coincidence,  the  same  conception  of  a solid  projectmg 
fomi^is  generated  in  the  mind,  as  if  the  object  itself  were  there. 
The  Stereoscope— whether  in  the  foinns  originally  de^sed  by  Pro  . 
Wheatstone,  or  in  the  popular  modification  long  subsequently  m- 
troduced  by  Sir  D.  Brewster-simply  serves  to  bnng  to  the  Wo 
eyes,  either  by  reflexion  from  mirrors,  or  Iw  refraction  throu 
prisms,  or  lenses,  the  two  dissimilar  pictures  which  would  accimately 
represent  the  sohd  object  as  seen  by  the  two  eyes  respecBvely , 
these  being  thrown  on  the  two  retinae  in  the  precise  positions  they 
would  have  occupied  if  formed  there  direct  from  the  solid 
Object,  of  which  the  mental  Image  (if  the  pictures  ' 

rectly  taken)  is  the  precise  counterpart.*  Thus  m Eig.  1 6 t e 
upper  pair  of  pictures  (a,  b),  when  combmed  in  the  Steieoscope,f 

* Although  it  is  a comparatively  easy  matter  to 

poiDt,  so  Ibat  A is  msde  to  Isll  oo  It  sod  c on  n. 
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•suggest  the  idea  of  a 'projecting  truncated  Pyramid,  with  the 
•small  square  in  the  centre,  ajid  the  four  sides  sloping  equally 


Fig.  in. 


A 


B 


C 


D 


away  from  it ; whilst  the  combination  of  the  lower  pair,  c,  n (which 
are  identical  -with  the  upper,  but  are  transferred  to  opposite  sides), 
uo  less  vividly  brings  to  the  mind  the  visual  conception  of  a re- 
ceding^ Pyramid,  stdl  with  the  small  square  in  the  centre,  but  the 
four  sides  sloping  equally  towards  it. 

31.  Thus  we  see  that_  by  simply  crossing  the  pictures  in  the 
StereMcope,  so  as  to  bring  before  each  eye  the  picture  taken  for 
the  other,  a ‘ conversion  of  relief  ’ is  produced  in  the  resultin<y  solid 
image  ; the  projecting_ parts  being  made  to  recede,  and  the  receding 
parts  brought  into  relief.  In  like  manner,  when  several  objects  are 
combined  in  the  same  crossed  pictures,  their  apparent  relative  dis- 
tances are  reversed;  the  remoter  being  brought  nearer,  and  the 
nearer  carried  backwards ; so  that  (for  example)  a Stereoscopic  photo- 
^ajm  representing  a man  standing  in  front  of  a mass  of  ice,  shall, 
the  pictures,  make  the  figure  appear  as  if  im- 
bedded in  the  ice.  A like  conversion  of  relief  may  also  be  made 
m -the  case  of  actual  sohd  objects  by  the  use  of  the  Pseudo  scone;  an 
mstrument  devised  by  Prof . Wheatstone,  which  has  the  effect  of 
reversing  the  perspective  projections  of  objects  seen  through  it 
by  the  two  eyes  respectively;  so  that  the  interior  of  a basin  or 
nelly-mould  is  made  to  appear  as  a projecting  solid,  whilst  the 
•extenor  IS  made  to  appear  hollow.  Hence  it  is  now  customary  to 
speak  of  stemoscopie  vision  as  that  in  which  the  conception  of  the 
true  natural  relief  of  an  object  is  called-up  in  the  mind,  by  the 
bv^f  ^ perspective  projections  formed^of  it 

respectively ; whilst  by  pseudoscopic 
visum,  we  mean  that  conversion  of  relief  ’ which  is  produced  by  tlie 
oombmation  of  two  reversed  perspective  projections,  whether  these 
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be  obtained  directly  from  the  object  (as  by  the  Pseudoscope),  or 
from  ‘ crossed’  pictures  (as  in  the  Stereoscope).  It  is  by  no_ means 
every  sohd  object,  however,  or  eveiy  pair  of  stereoscopic  pictures, 
which  can  become  the  subject  of  this  conversion.  The  def,^ee  of 
facihty  with  which  the  ‘ converted’  form  can  be  apprehended  oj  ^ ® 
Mind,  appears  to  have  great  influence  on  the  readiness  mth  ’«’^c 
the  change  is  produced.  And  while  there  are  some  objects— the 
interior  of  a plaster  mask  of  a face,  for  example-w^ch  can  always- 
be  ‘converted’  (or  turned  inside-ont)  at  once,  there  are  others 
which  resist  such  conversion  with  more  or  less  of  persistence. 

32  Now  it  is  easily  shown  theoretically,  that  the  pic^^® 
projecting  object  seen  through  the  Microscope  with  only  the 
hand  half  of  an  objective  having  an  even  moderate  angle  ^ aper- 
ture must  differ  sensibly  from  the  picture  of  the  same  object 
recSved  through  the  Ze/f-hand  of  the  same  objectpe  ; and 
that  the  difference  between  such  pictures  ^st  increase  mth  the 
angular  aperture  of  the  objective.  This  difference  may  be  prac- 
tically made  apparent  by  adapting  a ‘ stop 

such  a manner  as  to  cover  either  the  right  or  the  haff  of  its 
aperture  • and  by  then  carefully  tracmg  the  outlme  of  the  object  as 
t?en  through  each  half.  But  it  is  more  satisfactorily  brought  mto 
view  bv  taking  two  Photographic  pictures  of  the  object,  one  through 
Tach  Mteral  hllf  of  the  objective ; for  these  pictures  whp  proper  y 
paired  in  the  Stereoscope,  give  a magnifled  image  ^ 
out  on  a large  scale  the  solid  form  of  the  object  from  which  they 
were  taken.^  What  is  needed,  therefore,  to 

scopic  power  to  the  Microscope,  is  a means  of  so  bisecting  ^he  cone 
of  rav^transmitted  by  the  objective,  that  of  its  two  lateral  ^al^es 
Poll  Tip  fransmitted  to  the  right  and  the  other  to  the  left  eye.. 
Tholev er!  SmagethuB  Lmed  by  the  rigU  hall  of  the  objectoe 
of’  a Compound  Microscope  were  seen  by  the Jiflht  eye,  and  tha 
formed  by  the  left  half  were  seen  by  the  left  eye,  the  resultant 
conception  would  be  not  stereoscopic  but  pseudoscopic ; the  pro- 

jecting  P?* SroBC^eS  “vers  fte  picture 
ST  IXs  toy««  and  the  ipt  h^d 

Silves  of  the  objective  mus^e 

two  sides  - for  if  this  second  reversal  does 
of  the  object  fio  +Vip  first  reversal  of  the  images  produced 

not  take  place,  the  effect  ot  thelirst  . nroLced  bv  the 

.ytheioB^ope^^^^^^^ 

trerolerspectiveproiectionsf™^ 

is  effected  by  L 1 -uth  of  whS^  uow  be  prac- 

appreciation  of  this  pnncip  ( i;o,  attempts  at  producing 

ta4-  to  Wd-a 

. For  a fuller  discussion  of  this  subject,  see  tlie  Author’s  “Mental  Tbysio- 

logy,”  §§  1C8-170. 
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‘ pseudoscopic^  conversion’  of  the  objects  viewed,  by  it,  than  to  re- 
present them  in  their  true  relief. 

33._  NacM’s  Stereoscopic  Bmocular.—The  first  really  satisfactory 
solution  of  the  problem  was  that  worked-out  by  MM.  ITachet  • 
whose  ongmal  Binocular  was  constructed  on  the  method  shown  in 
Fig.  17.  The  cone  of  rays  issuing  from  the  back  lens  of  the 


objective  meets  the  flat  surface  of  a prism  (^i)  placed  above  it,  whose 
section  IS  an  equilateral  triangle ; and  is  divided  by  reflexion 
within  this  pnsm  into  two  lateral  halves,  which  cross  each  other 
m its  interior.  The  rays  a h that  form  the  right  half  of  the  cone, 
impingmg  very  obliquely  on  the  internal  face  of  the  prism,  suffer 
+ (§  2),  emerging  through  its  left  side  perpendicularly 

to  Its  s^ace,  and  therefore  undergoing  no  refraction  ; whilst  the 
rays  a b forming  the  left  half  of  the  cone,  are  reflected  in  like 
manner  towards  the  right.  Each  of  these  pencils  is  received  by  a 
larerai  pnsm,  which  again  changes  its  direction,  so  as  to  render  it 
parallel  to  its  onermal  cnnrsp*  n.nrl  +>ma  +Vm  +-rrr«  7, ;i 


Fig.  17. 


Arrangement  of  Prisms  in  Nachet’s  Stereoscopic 
Binocular  Microscope. 
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Fig.  18. 


brought  into  exact  coincidence  with  the  distance  between  the  axes 
ot  the  eyes  of  the  individual  observer. — This  instrument  gives  true 

Stereoscopic  projection  to  the 
conjoint  image  formed  by  the 
mental  fusion  of  the  two  dis- 
tinct pictures  ; and  with  low 
powers  of  moderate  angular 
aperture  its  performance  is 
highly  satisfactory.  There  are 
however,  certain  drawbacks  to 
its  general  utility.  First, 
every  ray  of  each  pencil  suffers 
two  reflexions,  and  has  to  pass 
through  four  surfaces ; this 
necessarily  involves  a consider- 
able loss  of  light,  with  a fur- 
ther liability  to  the  impairment 
of  the  image  by  the  smallest 
want  of  exactness  in  the  form 
of  either  of  the  prisms. 
Second,  the  mechanical  ar- 
rangements requisite  for  vary- 
ing the  distance  of  the  bodies, 
involve  an  additional  liability 
to  derangement  in  the  adjust- 
ment of  the  prisms.  Third, 
the  instrument  can  only  be 
used  for  its  own  special 
purpose ; so  that  the  oh* 
server  must  also  be  j>ro- 
vided  with  an  ordinary  sin- 
gle-bodied j^Iicroscope,  for  the 
examination  of  objects  unsuited  to  the  powers  of  his  Binocular. 
Fourth,  the  parallelism  of  the  bodies  involves  parallehsm  of  the 
axes  of  the  observer’s  eyes,  the  maintenance  of  which  for  any 
length  of  time  is  fatiguing.  . 

34.  Wenham’s  Stereoscopic  Binocular.  AH  these  objections  are 
overcome  in  the  admirable  aiTangement  devised  by  the  ingenuity  of 
jVIr.  Wenham ; in  whose  Binocular  the  cone  of  rays  proceeding  up- 
wards from  the  objective  is  divided  by  the  inteiposifaon  of  a-  pnsm 
of  the  peculiar  form  shown  in  Fig.  19,  so  placed  in  the  tube  which 
carries  the  objective  (Figs.  20,  21,  a),  as  only  to  interrupt  one  half, 
a c,  of  the  cone,  the  other  half,  a h,  going  on  contmuously  to  the 
eye-piece  of  the  principal  or  right-hand  body  u,  the  axis  of  which 
the  objective  is  placed.  The  interrupted  half  of  the  cone  (Rg.  19, 
a),  on  its  entrance  into  the  prism,  is  scarcely  subjected  to  any 
refraction,  since  its  axial  ray  is  perpendicular  to  the  surface  it 
meets  ; but  within  the  prism  it  is  subjected  to  two  ref^xions  at  6 
and  c,  which  send  itfoi-th  again  obliquely  m the  line  d towards  the 


Nachet’s  Stereoscopic  Binocular. 
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Pig.  10, 


•eye-piece  of  the  secondary,  or  left  hand 
body  (Fig.  20,  l)  ; and  since  at  its  emer- 
gence its  axial  ray  is  again  perpen- 
dicular to  the  surface  of  the  glass,  it 
suffers  no  more  refraction  on  passing 
out  of  the  prism  than  on  entering  it. 

By  this  ai-rangement,  the  image  re- 
ceived by  the  right  eye  is  formed  by  the 
rays  which  have  passed  through  the  left 
half  of  the  objective,  and  have  come 
on  without  any  inteiTuption  what- 
ever; whilst  the  image  received  by 
the  left  eye  is  formed  by  the  rays  which 
have  passed  through  the  right  half  of 
the  objective,  and  have  been  subjected 
to  two  reflexions  within  the  prism, 
passing  through  only  t/ioo  surfaces  of 
glass.  The  adjustment  for  the  varia- 
tion of  distence  between  the  axes  of  the  eyes  in  different  individnnT- 
IS  made  by  cb-awing-out  or  pusMng-in^he 


Wenham’s  Prism. 


Fig.  20. 


Fig.  21. 


Wenham’s  Stereoscopic  Binocular  Jficroscope 
D 2 ^ ’ 
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moved  consentaneously  by  means  of  a milled-head,  as  shown  in. 
Fiff.  21. — ^Now,  although  it  may  be  objected  to  Mr.  Wenhams 
method  (1),  that  as  the  rays  which  pass  through  the  pnsm  and  are 

obliquely  reflected  into  the  secondary  body,  traverse  a longer  dis- 

tance  than  those  which  pass-on  uninteiruptedly  into  the 
bodv,  the  picture  formed  by  them  will  be  somewhat  larger  than 
that  which  is  foi-med  by  the  other  set;  and  (2),  that 
formed  by  the  rays  which  have  been  subjected  to  the  . 

prism  must  be  inferior  in  distinctness  to  that  fomed  by  the  unin- 
terrupted half  of  the  cone  of  rays,— these  objections  are  ^ 

have  no  practical  weight.  For  it  is  well  known  to  those  who  have 

experimented  upon  the  phenomena  of  Stereoscoi)ic  ™ 

Tshght  difference  in  the  size  of  the  two  pictures  is  no  bar  to  their 
perffct  combination ; and  (2)  that  if  one  of  the  P^tures  be  good 
the  fuU  effect  of  rehef  is  given  to  the  image,  even  though  the  other 
picture  be  faint  and  imperfect,  provided  that  the  outhnes  of  ^ 
fatter  are  sufficiently  distinct  to  represent  its  perspective  projection. 
Hence  if,  instead  of  the  two.  equaUy  half-good  pictures  which  are 
obtaiLble  by  MM.  Hachet’s  origmal  construction,  we  had  m 
Mr  Wenham’s  one  good  and  one  fiidijerejii  picture,  the  latter  would 
be  dSS^^preferable.  But,  in  point  of  fact,  the  deterioration  ot 
the  second  picture  in  Mi*.  Wenham’s  an-angement  is  less  considei- 
able  than  that  of  both  pictures  in  the  original  anjmgement  o 
MM  Nachet;  so  that  the  optical  performance  of  the  Wenl^ 
ScS  is  in  every  way  superior.  It  has,  in  addition,  these  fur- 
ther advantages  over  the  precedmg  the  greater  cohort 

usinff  it  (especially  for  some  length  of  time  together),  which  results 
from  the  convergence  of  the  axes  of  the  eyes  at  their  usual  ang 
for  moderately-near  objects ; second,  that  this  Binocular  arrange- 
ment does  not  necessitate  a special  instrument,  but  may  ^PP^®^ 
to  any  Microscope  which  is  capable  of  caiyymg  the  weight 
sectary  body  f the  prism  being  so  fixed  in  a movab  e frame  that 
it  may  in  a moment  be  taken  out  of  the  tube  or  replaced  therein 
qo  that  when  it  has  been  removed,  the  principal  body  acts  m every 
respect  as  an  ordinary  Microscope,  the  entire  cone  of  rays  ps-ss^ff 
uninterruptedly  into  it;  and  that  the  simphcrfy  of  its  con- 

stmction  renders  its  derangement  almost  impossible.  _ 

' tsXSnt B;.ocuL.-A  new  f C 

nuUr  has  been  recently  introduced  by  Mr.  Stephenson,t  which  has 
SJtain  advantages  oL  both  the  (receding  -The  cone  of  r^s 
oassing  upwards  from  the  object-glass,  meets  a pair  of  pnsm- 
&.1)  toi  ta  the  tube  of  the  microscope  fmajhately  above 
the  posterior  combination  of  the  objective,  so  as  to  catch  the  light- 
ISs  on  their  emergence  from  it;  these  it  divides  into  two  halve 
. The  Aathor  cannot  allow  this  opportunity  to  pas. 

Yfe  iilcrrot£“.^ralf  '^nd  Voi.  v«, 

(1872),  p.  167. 
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<?acli  of  which  is  subjected  to  internal 
reflection  from  the  inner  side  of  the  prism 
through  which  it  passes ; and  the  slight 
separation  of  the  two  prisms  at  their 
upper  end,  gives  to  the  two  pencils  B b, 
u,  divergence  which  candes  them  through 
two  obhquely-placed  bodies  to  their  re- 
spective eye-pieces.  By  this  internal 
reflection,  a lateral  reversal  is  produced, 
which  antagonizes  the  lateral  reversal  of 
the  Microscopic  image;  so  that  each 
eye  receives  the  image  formed  by  its  own 
half  of  the  objective,  in  the  position  re- 
quired for  the  production  of  Stereoscopic 
relief  by  the  mental  combination  of  the 
two.  As  the  cone  of  rays  is  equally 
divided  by  the  two  prisms,  and  its  two 
halves  are  similarly  acted-on,  the  two  pic- 
tures are  equally  illuminated,  and  of  the 
same  size ; while  the  close  approximation 
of  the  prisms  to  the  back  lens  of  the 
objective  enables  even  high  powers  to 
Be  TMed  with  very  little  loss  of  light  or  of  definition,  provided  that  the 
angles  and  surfaces  of  the  prisms  are  worked  with  exactness.  And  as 
the  two  bodies  can  be  made  to  converge  at  a smaller  angle  than  in  the 
Wenham  arrangement,  the  observer  looks  through  them  with  more 
comtort.  But  Mr.  Stephenson?s  ingenious  aiTangement— which  was 
first  worked-out  practically  by  the  late  Thomas  Boss,  and  has  since 
been  very  successfully  constructed  by  Browning — 

IS  hable  to  the  great  drawback  of  not  beino"  con- 
vertible (like  Mr.  M7enham’s)  into  an  ordinary 
Monocular,  by  the  withdrawal  of  a prism ; so 
that  the  use  of  this  form,  of  it  wiU  be  pro- 
bably restricted  to  those  who  desire  to  work 
stereoscqpically  with  high  powers. — In  order  to 
avoid  shght  errors  arising  from  the  impinging 

0 the  central  ray  of  the  cone,  at  its  emergence 
trom  the  ob3ective,  against  the  double  edge  of 
the  pnsm-combination,  Mr.  Stephenson  has  de- 
vised a special  form  of  sub-stage  Condenser  (also 
made  by  Mr.  Bro\raing),  which  causes  the  illumi- 

from  the  object  in  two  separate  pencils, 
vi’u+o  stnke  the  storfaces  of  the  two  prisms.  This  con- 

'irf>  ^ cylindrical  lenses  a and  b,  whose  focal  lengths 

their  curved  faces  opposed  to  each 
Vpin  ’ fifiown  in  section  at-  c ; the  larger  and  less  convex 
J aced  with  its  plane  side  downwards,  so  as  to  receive  light 

1 bTp  preferable)  direct  from  a lamp.  Under 

om  ination  slides  a movable  stop,  with  two  circular  oiienings. 


Fig.  22. 


Stephens  jn’s  Binocular 
Prisms. 
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Fio.  24. 


as  shown  in  Fig.  24.  The- 
lamp  being  placed  in  front 
of  the  instrument,  the  two 
apertures  admit  similai* 
pencils  of  light  from  it ; so 
that  each  eye  receives  a 
completely  equal  illumina- 
tion, and  no  confusion  can 
occur  from  the  impinging 
of  the  rays  on  the  lower 
edges  of  the  prisms.  With 
this  arrangement  the  Po- 
dura-markings  are  shown 
figured  by  the  late 


as 


Double  Stop  for  Stephenson  Binocular. 


Fm,  25. 


Richard  Beck  (Plate  ii., 

fig.  2);  while  the  curvatures 
of  the  scale  come  out  with 
the  distinctness  peculiar  to 
Binocular  vision. 

36  But  one  of  the  greatest  advantages  attendant  on  Mx.  Stephen- 
son’s construction,  is  its  capability  of  bemg  ^ 

erecting  arrangement ; whicn  ren 

ders  it  applicable  to  purposes  for 
which  the  Wenham  Binocular  can- 
not be  conveniently  used.  By  the 
interposition  of  a plane  silvered 
mirror,  or  (still  better)  of  a reflect- 
ing prism  (Fig.  25),  above  the  tube 
containing  the  binocular  prisms, 
each  half  of  the  cone  of  rays  is 
so  deflected,  that  its  image  is  re- 
versed veHically ; the  rays  enter- 
ing the  prism  through  the  surface 
c B,  being  reflected  by  the  surface 
A B,  so  as  to  pass  out  again  by 
the  surface  a c in  the  direction  of 
the  dotted  lines.  Thus  the  right 
and  the  left  half-cones  are  directed 
respectively  into  the  right  and  the 
left  bodies,  which  are  inclined  at 
a convenient  angle,  as  shown  iii 
Fig.  26;  so  that— the  stage  being  horizontal— the  observer  jan  loo  * 
at^his  object  at  'the  inclination  which  he  finds  most  comfortably 
The  angle  to  which  the  prism  is  worked  can  be  varied  to  su 
ridual  requirements ; but  if  it  should  be  desired  to  use  ' 

men^th  Polarized  fight,  it  wifi  be  found  advantageous  that  the 

reflection  from  the  surface  a b should  be  at  the  polanzing  angle  o 
since  by  substituting  for  the  silvered  mirror  or  prism  a Inghl} 
black  llass,  tliis  ivill  then  act  as  an  analyzer,. 


Stepbenson’s  Erecting  Prism. 


, STEPHENSON’S  EEEOTING  BINOCULAE. 


39 


with  some  decided  advan- 
tages over  the  Nicol  prism, 
except  in  being  incapable  of 
rotation. — The  great  value  of 
the  Erecting  Binocular  con- 
sists in  its  applicabdity  to 
the  picking-out  of  very  minute 
objects,  such  as  Diatoms, 
Polycystma,  or  Doraminifera  ; 
and  to  the  prosecution  of 
minute  dissections,  especially 
when  these  have  to  be  car- 
ried-on  in  fluid.  No  one  who 
has  only  thus  worked  mono- 
cularly,  can  appreciate  the 
guidance  derivable  from  hi- 
nocular  vision,  when  once  the 
habit  of  working  with  it  has 
been  formed. 


Pig.  20'. 


Stephenson’s  Erecting  Binocular. 


37.  Tolies’  Binocular  Dye-piece.— An  ingenious  Eye-piece  has 
been  constructed  by  Mr.  Tolies  (Boston,  IJ.S.),  which,  fitted 
into  the  body  of  a ^Monocular  Microscope,  converts  it  into  an 
Erecting^  Stereoscopic  Binocular.  This  conversion  is  effected 
by  the  interposition  of  a system  of  prisms  similar  to  that 
originaUy  devised  by  MM.  Nachet  (Fig.  17),  but  made  on  a 
u scale,  between  an  ‘ erector  ’ (resembling  that  used  in 
the  eye-piece  of  a day-telescope)  and  a pair  of  ordinary  Huy- 
ghenian  eye-pieces ; the  central  or  dividing  prism  being  placed  at 
or  near  the  plane  of  the  secondary  image  formed  by  the  erector, 
while  the_  two  eye-pieces  are  placed  immediately  above  the  two 
Meral  pnsms  ; and  the  combination  thus  making  that  division  in 
tte  pencils  forming  the  secondary  image,  which  in  the  Nachet 
Binocular  it  makes  in  the  pencils  emerging  from  the  objective. — 
As  all  the  image-forming  rays  have  to  pass  through  the  two 
surfaces  of  four  lenses  and  two  prisms,  besides  sustaining  two 
mtemal  reflexions  in  the  latter,  it  is  surprising  that  Prof.  H.  L. 

c ® ^*^^ting  a loss  of  light— should  feel  able  to  speak  of 

the  detmirion  of  this  instrument  as  not  inferior  to  that  of  either 
e VVenham  or  the  Nachet  Binocular.  It  is  obviously  a great 
advantage  that  this  Eye-piece  can  be  used  with  any  microscope, 
and  with  Ob]ectives  of  high  power ; but  as  its  efFectiveness  must 
depend  upon  extraordmary  accuracy  of  workmanship,  its  cost  must 
necessarily  be  great.* 

Stereo-pseudoscopic  Binocular. — An  ingenious 
Sr  arrangement  has  been  introduced 

J * . JNachet;  which  has  the  attribute  altogether  peculiar  to 


of  Science,"  Vol.  xxxviii.  (1864),  p.  Ill,  and  Vol. 
xxiix.  (I860),  p.  212  ; and  “Monthly  Microsc.  Journal,”  Vol.  vi.  (L871),  p 45. 
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itself,  of  giving  to  the  image  either  its  true  Steroscopic  projec- 
tion, or  a Pseudoscopic  ‘conversion  of  relief,’  at  the  will  oi  the 
observer.  This  is  accomphshed  by  the  use  of  two  pnsms,  one  oi 
them  (Fig.  27,  a)  placed  over  the  cone  of  rays  proceeding  upwards 


Fig.  27. 


An-anvement  of  Prisms  in  Nachet’s  Stereo-pseudoscopc  Binocular 
1,  for  Stereoscopic;  2,  for  Pseudoscopic  effect. 


from  the  objective,  and  the  other  (b)  at  the  base  of  the  s^onda^ 
or  additional  body,  which  is  here  placed  on  the  nght  (Fig.  28). 
The  prism  a has  its  upper  and  lower  surfaces  paraUel;  one  of  its 
lateral  faces  is  inclined  at  an  angle  of  45°,  wMst  thepthmis  vertacal. 
When  this  is  placed  in  the  position  1,  so  that  its  mchned  surt^e 
lies  over  the  left  half  (Z)  of  the  cone  of  rays,  these  rays,  entering 
the  prism  perpendicularly  (or  nearly  so)  to  its  inferior  plane  sur- 
facef  undergo  total  reflection  at  its  obhque  face,  and  bemg  thus 
turned  into  the  horizontal  direction,  emerge  through  the  vertical 
surface  at  right  angles  to  it.  They  then  enter  the  vertical  face  of 
the  other  prism  B;  and  after  suffering  reflexion  witlnn  are 
transmitted  upwards  into  the  right-hajid  body  r , passmg  out  of 
the  prism  peiTendicularly  to  the  plane  of  emersion,  wjuch  has 
such  an  iiclihation  that  the  right-hand  or_  secondary  body 
(e  Fig.  28)  may  diverge  from  the  left  or  p^cipal  body  at  a 
smtabfe  angle.  On  the  other  hand,  the  riy/iZ  half  (r)  of  ^one 
of  rays  passes  upwards,  without  essential  interruprion, 
riie  two  ?araUel  Liaces  of  the  prism  a into  the  left-hand  body 
{V),  and  is  thus  crossed  by  the  other  in  the 
But  if  the  prism  a be  pushed  over  f 

the  button  a Fig.  28),  so  as  to  leave  the  left  half  of  the  objective 

N lowi’in  Pig,  -27,2)  hand 

-will  G-o  on  without  any  interraption  mto  the  fe/Miana 

bSy  (Z')  wfelst  the  rigid  half  {J r')  will  be  reflected  by  the  oWique 
to  of  the  prism  into  the  horizontal  Section)  will  emeje 
at  its  vertical  face,  and  being  received  by  the  second  pnsm,  B,  m 
be  directed  by  it  into  the  ri^/iZ-hand  body  (i ).— Nowin  the^iJsZpos  - 
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Fig.  28. 


tion,  the  two  halves  of  the  cone  of ^ rays  being  made  to  cross  into 
the  opposite  bodies,  true  Stereoscopic  relief  is  given  to  the  image 
formed  by  their  recombination,  just  as  in  the  arrangements  pre- 
viously described.  But  when,  in  the  second  position,  each  half  of 
the  cone  passes  into  the  body  of  its  own  side,  so  that  the  reversal  of 
the  images  produced  by  the  Microscope  itself  (§  26)  is  no  longer 
corrected  by  the  crossing  of  the  two  pencils  separated  by  the 
prism  A,  a Pseudoscopic  effect,  or  ‘ conversion  of  relief,’  is  produced, 
the  projections  of  the  surface  of  the  object  being  represented  as 
hollows,  and  its  concavities  being  turned  into  convexities.  The 
suddenness  with  which  this  conversion  !is  brought  about,  without 
any  alteration  in  the  position  either  of  the  object  or  of  the  observer, 
is  a phenomenon  which  no  intelligent  person  can  witness  without 
interest ; whilst  it  has  a very  special  value  for  those  who  study  the 
Physiology  and  Psychology  of  Binocular  vision.* — ^As  originally 
constructed,  the  adjustment  for  distance 
between  the  eyes  was  made  by  giving  a 
horizontal  traversing  motion  to  the  prism 
B and  the  secondary  body  placed  above 
it,  by  means  of  a screw  action.  But  this 
method  was  open  to  the  two  objections 
that  the  focal  distance  of  the  secondary 
body  was  thereby  altered,  and  that 
the  traversing  fittings  were  liable  to 
become  loose  by  wear.  To  meet 
these,  M.  ITachet  devised  the  con- 
struction represented  in  Pig.  28 ; in 
which  the  adjustment  of  the  distance 
between  the  eye-pieces  is  effected  by 
altering  the  angle  of  convergence  be- 
tween the  bodies.  This  is  done  by  turn- 
ing the  screw  v,  which  is  furnished  with 
two  threads  of  different  speeds,  whereby 
an  inchnation  is  given  to  the  prism  equal 
to  half  the  angular  displacement  of  the 
tube ; an  arrangement  necessitated  by 
the  fact  that  the  displacement  of  the 
rays  reflected  by  a rotating  surface  Nachet’s  Stereo-pseudo- 

is  clouble  the  angle  described  by  that  scopic  Microscope. 


..  .*  result  of  the  numerous  applications  which  the  Author  has  made  of 
tins  instrument  to  a ^'eat  variety  of  Microscopic  objects,  has  led  to  a con- 
imatum  of  the  principle  of  Pseudoscopic  vision,  stated  at  the  conclusion  of 
Ip,  in  the  case  of  the  saucer-like  disks  of  the  Araclinoidiscus 

^ in®  nnd  the  converted  forms  are  equally  familiar,  the  ‘conver- 

sion either  of  the  convex  exterior,  or  the  concave  interior,  is  made  both  sud- 
1 completely.  In  more  complex  and  less  familiar  fomis,  on  the  other 

land,  the  conversion  frequently  requires  time  ; being  often  partiahiu  the  first 
justonco,  and  only  gradually  becoming  complete.  And  there  are  some  objects 
wnicn  resist  conversion  altogether,  tlie  only  effect  being  a confusion  or  the 
two  images. 
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surface.* — As  an  ordinary  working  instrument,  however,  tliis 
improved  Nachet  Binocular  can  scarcely  he  equal  to  _a 
of  Wenham  or  Stephenson;  whilst  it  must  be  regarded  as  in- 
ferior to  the  former  in  the  foUowing  particulars:  First,  tha.t  as 
the  uninterrupted  half  of  the  cone  of  rays  (when  the  mterposed 
prism  is  adjusted  for  Stereoscopic  vision)  has  to  pass  tluougd  tne- 
two  plane  surfaces  of  the  prism,  a certain  loss  of  light  and  deteriora- 
tion of  the  picture  are  necessarily  involved;  whilst,  as  the  inter- 
rupted half  of  the  cone  of  rays  has  to  pass  through /o«r  surface^ 
the  picture  formed  by  it  is  yet  more  unfavourably  affected;  second, 
that  as  power  of  motion  must  be  given  to  both  prisms— to  a,  tor  the 
reversal  of  the  images,  and  to  b for  the  adjustment  of  the  distance 
between  the  two  bodies— there  is  a greater  habihty  to  derange- 
ment.f  It  does  not  give  the  equal  illiimmation  of  Mr.  Stephen- 
son’s, is  less  free  from  optical  error,  and  cannot,  like  his,  be  used 

'"^39 .^he  Stereoscopic  Binocular  is  put  to  its  most  advantageous 
use,  when  applied  either  to  opaque  objects^ of  whose  sohd  forms  we 
are  desirous  of  gaining  an  exact  appreciation,  or  to 
objects  which  have  such  a thickness  as  to  make  the  accurate  distinc- 
tion between  their  nearer  and  their  more  remote  planes  a matter  of 
importance.  That  its  best  and  truest  effects  can  only  be  obtained  by 
objectives  not  exceeding  40°  of  angiriar  aperture,  may  be  shown 
both  theoreticaUy  and  practically.  Taking  the 
between  the  pupils  of  the  two  eyes  as  the  base  of  atripgle,  and 
any  point  of  L object  placed  at  the  ordinary  rea^g  ^stance  as 
its  apex,  the  vertical  angle  enclosed  between  its  two  sides  be 
from  12°  to  15° ; which,  in  other  words,  is  the  angle  of  divergence 
between  the  rays  proceeding  teom  any  pomt  of  an  ®b^t  at  e 
ordinary  reading  distance  to  the  two  eyes  respectively.  This  angle 
therefore,  represents  that  at  which  the  two  pictures  of  an  object 
should  be  taken  in  the  Photographic  Camera,  m order  to  P’^oduce 
the  effect  of  ordinary  binocular  vision  without  exaggeration ; and  it 
is  the  one  which  is  adopted  by  Portrait-photographers,  ^bo  h - 
found  by  experience  that  a smaller  angle  makes  the  image  formed 
combination  ol  the  pictures  appear  too  flat,  wMst  a ^ 
Sglc  emwcrafce  its  projection.  Now  “ app  yrng  to  pnncipte 
to  the  Jlicroscope,  we  have  to  treat  the  two  lateral  halves  (L,  m 
(.’is-  29)  o£  the  objective  as  the  two  “Pf f 5 
poftrait-camera;  and  to  consider  at  what  angle  each  half  should 

* “Monthly  Microscopic^  Journal,”  Vol.  i.  (^^GG),  p.  . .. 

+ M Nachet’s  arrangement,  like  Mr.  Wenham’s,  can  be  adapted  to  any 
Microscope ; and  it  seems  peculiarly  suitable  to  those  ^ Enelish 

;Wi3ou.  in  which  the  body  is  much  shorter  than  in  ordmj^ry  Eu|h^^^^^ 

mSaining  an  unusual  degree  of  convergence  between  the  axes  of  the  j . 
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be  entered  by  the  rays  passing  through  it  to  form  its  liicture.^^^'  To- 
any  one  acquainted  with  the  principles 
of  Optics,  it  must  be  obvious  that  the 
picture  formed  by  each  half  of  the 
objective  must  be  (so  to  speak)  an 
average  or  general  resultant  of  the  dis- 
similar pictures  formed  by  its  different 
parts.  Thus,  if  we  could  divide  the 
lateral  halves  or  semi-lenses  L,  n,  of  the 
objective  by  vertical  lines  into  the  three 
bands  ab  c and  a'  V c',  and  could  stop 
off  the  two  corresponding  bands  on 
either  side,  so  as  only  to  allow  the  light 
to  pass  through  the  remaining  pair, 
we  should  find  that  the  two  pictures 
we  shmdd  receive  of  the  object  would  vary  sensibly,  according  as 
they  are  foianed  by  the  bands  a aJ,  h V,  or  c o'.  For  supposing  the 
pictures  taken  through  the  bands  b V to  be  sufficiently  dissimilar 
in  their  perspective  projections,  to  give,  when  combined  in  the 
Microscope,  a sufficient  but  unexaggerated  Stereosco23ic  relief, 
those  taken  through  the  bands  a a'  on  either  side  of  the  centre 
would  be  no  more  dissimilar  than  two  portraits  taken  at  a verj'^ 
smaU  angle  between  the  cameras,  and  their  combination  would 
very  inadequately  bring  out  the  effect  of  relief ; whilst,  on  the  other 
hand,  the  two  pictures  taken  through  the  extreme  lateral  bands  o c', 
would  differ  as  widely  as  portraits  taken  at  too  great  an  angle  of 
divergence  between  the  cameras,  and  their  combination  would 
the  actual  rehef  of  the  object.  Now,  in  each  of  the  lateral 
halves,  a spot  v v'  may  be  found  by  mathematical  computation,, 
which  may  be  designated  the  visual  centre  of  the  whole  Semi-lens ; 
that  is,  the  spot  which,  if  all  the  rest  of  the  semi-lens  were 
stopped-off,  would  form  a picture  most  nearly  corresponding  to  that 
pven  by  the  whole  of  it.  This  having  been  determined,  it  is  easj' 
to  ascertain  what  should  be  the  angle  of  aperture  (o  p q,  Fig.  30)  of 
the  entire  lens,  in  order  that  the  angles  v p v'  between  the  ‘ visual 
centres  of  its  two  halves  should  be  15°.  The  investigation  of 


Tl^  wnter  has  been  surprised  to  fiud  that  the  advantages  of  the  Stereo- 
scopic Binocular  have  been  treated  by  certain  Microsco2)ists  of  eminence  as 
a ogether  chimerical;  no  real  difference  (they  assert)  being  discernible 
tae  nght-hand  and  the  left-hand  pictures. — This  assertion  is  obviously 
e upon  the  limitation  of  the  use  of  the  instrument  to  thin  transparent  objects. 
IS  w ere  the  surface  ia  uneven  (as  is  the  case  with  most  Opaque  objects),  or  where 
object  shows  different  structures  in  different  planes  of  its  thick- 
ifflpir  V'u  special  value  of  the  Binocular  shows 

Hin  ♦'  11  ^*®®™ll^rity  of  the  two  pictures  of  such  objects  received  through 

. atves  of  the  objective,  was  long  since  demonstnitod  by  Mr.  Wenham  ; 
•in  “■  ^ifipluagm,  first  the  right  and  then  the  loft  half  of 

tfio  -(-3rds  inch  focus  and  28°  of  aperture,  and  carefully  drawing 

annnin  , thus  obtained,  found  them  to  be  such  as  would  combine  stereo- 

out  the  object  in  relief.  Bee  “Transact,  of  Microsc. 

!5oc.,  N.S.,\ol.  ii.  (I854),p.  1. 
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Fig.  30, 


this  question  having  been  kindly 
undertaken  for  the  author  by 
his  friend  Dr.  Hirst,  the  conclu- 
sion at  which  he  arrived  was  that 
the  angle  of  aperture  of  the 
entire  lens  should  be  about  36'6°. 
This,  which  he  gave  as  an  ap- 
proximate result  only  (the  requisite 
data  for  a complete  Mathema- 
tical solution  of  the  question  not 
having  yet  been  obtained),  har- 
monizes most  remarkably  with  the 
results  of  experimental  observations 
made  upon  opaque  objects  of  haovm 
shape,  with  Objectives  of  different 
angular  apertures ; so  that  the 
Stereoscopic  images  produced  by 
the  several  objectives  _ may  be 
compared,  not  only  with  each 
other,  but  with  the  actual  forms 


which  they  ought  to  present.  No  better  objects  can  be  selecte 
for  this  purpose,  than  those  which  are  perfectly  spherical;  such  as 
various  globular  forms  of  the  Polycystina  (Plate  xix.),  or  the  Men- 
grains  of  the  Malvaceae  and  many  other 
either  of  these  is  placed  under  a Stereoscopic 
with  an  objective  of  half-mch  or  4-lOths  inch  focus  havmg  a 
angular  aperture  of  80°  or  90°,  the  effect  of  projection  is  so  ^eatly 
execrated,  that  the  side  next  the  eye,  instead  of  resembling  a 
hemSphere,  looks  like  the  small  end  of  an  egg.  If.  ^hen,  the  aperture 
oHuch  an  objective  be  reduced  to  60°  by  a.  <^aphra^ 
behind  its  back  lens,  the  exaggeration  is  ^ 

removed ; the  hemispherical  surface  in  Io°hY  the 

nf  an  eaci  But  if  the  aperture  be  further  reduced  to  40  by  tne 

same  m^eans,  it  is  at  once  seen  that  the  hemispheres  turned  towards 
^?^^e^e  are  truly  represented;  the  effect  of  sphencal  projection 
We  quite  adequate,  without  being  in  the  least  exaggerated. 
Hence  it  may  be^confidently  affirmed— alike  on  theoretical  and  on 
ineSticS  Soffnds-that  whin  an  objective  of  Wr  angle  than  40 
is  used  wSh  the  Stereoscopic  Binocular,  the  object 
represented  in  exaggerated  relief,  so  that  its 

be^more  or  less  distorted.*— There  are  other  substantial  reasons, 

* This  position  has  been  contested  by 

binocularly  with  <ranspare«<  objects  effect  is  produced  by  the 

aperture,  affirm  that  no  exaggemtion  ° gP  j.  gggnis  to  be  forgotten 

•combination  of  the  two  pi^uies  th  measure  of  Stereoscopic  effect,  which 
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moreover,  wliy  Objeetives  of  limited  angle  of  aperture  should  be 
preferred  (save  in  particular  cases)  for  use  with  the  Stereoscopic- 
Binocular.  As  the  special  value  of  this  instrument  is  to  convey 
to  the  mind  a notion  of  the  solid  forms  of  objects,  and  of  the 
relations  of  their  parts  to  each  other,  not  merely  on  the  same  but 
on  different  planes,  it  is  obvious  that  those  Objectives  are  most 
suitable  to  produce  this  effect,  which  possess  the  greatest  amount 
of  penetration  or  focal  depth ; that  is,  which  most  distinctly  show,, 
not  merely  what  is  precisely  in  the  focal  plane,  but  what  Kes  nearer 
to  or  more  remote  from  the  objective.  Now,  as  will  be  explained 
hereafter  (§  158,  ii.),  increase  of  the  angle  of  aperture  is  neces- 
sary attended  with  diminution  of  ‘ penetrating’  power ; so  that  an 
objective  of  60°  or  80°  of  aperture,  though  exhibiting  minute 
surface-details  which  an  objective  of  40°  cannot  show,  is  much 
inferior  to  it  in  suitability  to  convey  a true  conception  of  the  general 
form  of  any  object,  the  parts  of  which  project  considerably  above 
the  focal  plane  or  recede  below  it. 

40.  In  concluding  these  general  observations  ujDon  the  use  of  the 
Stereoscopic  Binoerdar,  the  Author  would  draw  attention  to  two 
important  advantages  he  has  found  it  to  possess ; his  own  expe- 
rience on  these  points  being  fuUy  confirmed  by  that  of  others.— In 
the  first  place,  the  penetrating  poicer  or  focal  depth  of  the  Bino- 
cular is  greatly  superior  to  that  of  the  Monocular  microscope ; so 
that  an  object  whose  surface  presents  considerable  inequalities  is 
very  much  more  distinctly  seen  with  the  former  than  with  the 
latter.  _ The  difference  may  in  part  be  attributed  to  the  practical 
reduction  in  the  angle  of  aperture  of  the  Objective,  which  is 
produced  by  the  division  of  the  cone  of  rays  transmitted  through 
it  into  two  ha/lves ; so  that  the  picture  received  through  each  half 
of  an  Objective  of  60°  is^  fonned  by  rays  diverging  at  an  angle- 
of  only  30°.  But  that  this  optical  explanation  does  not  go  far  to 
account  for  the  fact,  is  easily  proved  by  the  simple  experiment  of 
looking  at  the  object  in  the  first  instance  through  each  eye  sepa- 
rately  (the  prism  being  in  place),  and  then  with  both  eyes  together;, 
the  distmctness  of  the  parts  which  lie  above  and  beneath  the  focal 


stnicted  to  his  order  by  Messrs.  Powell  and  Lealand,  and  now  procurable  from 
several  excellent  makers — in  the  study  of  Folycystina,  the  smaller  Foramini- 
/ero,  or  the  larger  discoidal  Diatoms,  viewed  as  opaque  objects,  soon  becomes 
sensible  of  its  advantage  over  Objectives  of  the  same  power  but  of  larger 

(1)  unexaggerated  relief,  (2)  much  greater  focal 
(3)  such  a working  distance  as  enables  s?rfe-ilhunination  to  be  con- 
1 'j  lately  had  occasion  to  give  much  attention  to  the 

ori  ^ development  of  Isthmia  (Chap.  the  ■writer  has  found  great 

objective,  constructed  by  Zeiss,  of  'what  will 
by  niany  the  absurdly  low  angle  of  40° ; the  truth  of  the  concep- 
wiiinii  ^ of  the  frustules  (when  viewed  as  opaque  objects), 
e of  cusy  Verification,  being  in  striking  contrast  with  the  violent 
\ relief  which  is  produced  when  the  same  objects  are  simUarlv 
O’"  120°  aperture.  Doubtless  the  elementary 
'itid-Ia  ■ can  only  be  properly  studied  by  an  Objective  of  largo- 

angle  ; but  this  IS  an  altogether  different  inquiry. 
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plaoae  being  found  to  be  nmcli  greater  when  the  two  pictures  arc 
■combined,  than  it  is  in  either  of  them  separately.  In  the  absence 
of  any  adequate  optical  explanation  of  the  greater  range  of  tocal 
depth  thus  shown  to  be  possessed  by  the  Stereoscopic  Binocular, 
the  Author  is  inclined  to  attribute  it  to  an  allowance  tor  the  rela- 
tive distances  of  the  parts,  which  seems  to  be  unconsciously  made 
bv  the  mind  of  the  observer,  when  the  solid  image  is  shaped-out  in 
it  by  the  combination  of  the  two  pictures.— Phis  seems  the  more 
likely  from  the  second  fact  Ip  be  now  mentioned : namely,  that  when 
the  Binocular  is  employed  upon  objects  suited  to 
prolonged  use  of  it  is  attended  with  very  m%ich  less  fatigue^  tJian  is 
that  of  the  Monocular  Microscope.  This,  agam,  may  be  in  some 
degree  attributed  to  the  division  of  the  work  between  the  two 
eyes  : but  the  Author  is  satisfied  that,  unless  there  is  a feehng  of 
chscomfort  in  the  eye  itself,  the  sense  of  fati^ie  is 
than  visual,  and  that  it  proceeds  from  the 

the  obseryer  has  to  make,  who  aims  at  reahzmg  the  sohd  f ™ o 
the  object  he  is  examinmg,  by  an  interpretation  based  on  the 
vichire  of  it  presented  by  his  vision,  aided  only  by  the  use  of 
the  focal  adjustment,  which  enables  him  to  determme  what  are 
its  near  and  what  its  remote  parts,  and  to 

their  difference  of  distance.  Now,  a great  part  of  t^s  construc- 
tive effort  is  saved  by  the  use  of  the  Binoc^ar;  winch  at  once 
brings  before  the  Mind’s  eye  the  sohd  of  the  object,  and  thus 

SvTto  the  observer  a conception  of  its  form  iisuahy  more  compete 
and  accurate  than  he  could  derive  from  any  amount  of  study  of  a 
Monocular'  picture.* 

* T1  -has  haTOened  to  the  Author  to  be  frequently  called  on  to  explain  the 
advantages  S the  Binocular  to  Continental  (especially  Genmn)  sara»5,  who 
harnotTeen  previa  acquainted  with  the  instrument.  And  he  has  been 
Smek  wEh  fintog  that  when  he  exhibited  to  them  objects  with  whmh  they 
wSrS  become  familiar  by  careful  study,  and  of  whose  solid  thej 

,b«  gcmral  mequaMy  “ir.  SS  aSd  »l'» 

Si  »r,M  Monocplar  study. 


CHAPTER  II. 


C02JSTBUCTI0X  OF  THE  MICBOSCOPE. 


41.  The  principles  whereon  the  operation  of  the  Micro- 

scope depends  having  now  been  explained,  we  have  next  to  consider 
the  mechanical  provisions  whereh;^  they  are  brought  to  bear  upon 
the  different  purposes  which  the  instrument  is  destined  to  serve. 
And  first,  it  will  he  desirable  to  state  those  general  principles  which 
have  now  received  the  sanction  of  universal  experience,  in  regard  to 
the  best  arrangement  of  its  constituent  parts. — Every  complete 
Microscope,  whether  Simple  or  Compound,  must  possess,  in  addi- 
tion to  the  lens  or  combination  of  lenses  which  affords  its  magni- 
fying power,  a stacje  whereon  the  Object  may  securely  rest,  a 
concave  mhror  for  the  illumination  of  transparent  objects  from 
beneath,  and  a condensing-lens  for  the  illumination  of  opaque 
objects  from  above. 


I.  Aow,  in  whatever  mode  these  may  be  connected  with  each 
other,  it  is  essential  that  the  Optical  part  and  the  Stage  shoidd  he 
so  disposed,  as  either  to  he  altogether  freelfrom  tendency  to  vihration, 
or  to  vihiate  together  ; since  it  is  obvious  that  any  movement  of  one, 
in  which  the  other  does  not  partake,  will  be  augmented  to  the  eye 
of  the  observer  in  proportion  to  the  magnifying  power  employed. 
In  a badly-constructed  instrument,  even  though  placed  upon  a 
ste^y  table  resting  upon  the  firm  floor  of  a well-built  house,  when 
mgh  powers  are  used,  the  object  is  seen,  to  oscillate  so  rapidly  at 
the  shghtest  tremor — such  as  that  caused  by  a person  walking 
^ross  the  room,  or  by  a carnage  roUing-by  in  the  street— as  to  be 
irequently  almost  indistinguishable  : whereas  in  a well-constructed 
instrument,  scarcely  any  perceptible  effect  will  be  produced  by  even 
greater  disturbances.  Hence,  in  the  choice  of  a Microscope,  it 
should  MwSVs  be  subjected  to  this  test,  and  should  be  unhesitatingly 
re]ected  if  tlm  result  be  unfavourable.  If  the  instrument  should  be 
oun  ee  from  fault  when  thus  tested  with  high  powers,  its 
steadiness  Zmy  powers  may  be  assumed;  but,  on  the  other 
an  , °^Sh  a IVucroscope  may  give  an  image  free  from  perceptible 
tremor  when  the  lower  powers  only  are  employed,  it  may  be  quite 
unfit  for  use  with  the  higher.— The  Author  has  found  no  test  for 
steadiness  so  crucial  as  the  vibration  of  a paddle-steamer  going  at 
I spee  against  a head-sea;  and  the  result  of  his  compansou 
letween  the  two  principal  ‘ models’  generally  used  in  this  country 
will  be  stated  hereafter  (§  49).  ^ J J 
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II.  The  next  requisite  is  a capahilUy  of  accurate  ^justment  to 
cverii  variety  of  focal  distance,  withotd  movement  of  the  o>Jject.  ^ 

is  a principle  universaUy  recognized  in  the 

Micr^copes,  that  the  stage  whereon  the  object  is  placed  should  be 

Q.fixtim-e;  the  movement  by  w^chthe  focus  is  to 

given  to  the  optical  portion.  This  movement  sho^d  be  such  m to 

allow  free  range  from  a minute  fraction  of  an  mch  to  three  or  fo 

Ss,  with  elual  power  of  obtaining  a dehcate 

part.  It  should  also  be  so  accurate,  that  the  optic  ^ 

Lument  should  not  be  in  the  least  altered  by 
vertical  direction ; so  that  if  an  object  be  brought  into  ^nrieo 
the  field  with  a low  power,  and  a higher  power 
the  obiect  should  be  found  m the  centre  of  %ts  field,  notwitJistana 
Sg  tS  great  alteration  in  the  focus.  In  this  wy 
often  be  saved  bv  employing  a low  power  as  a finder  for  an  object  to 
brexa4S  by  a hi|^^^^  and  when  an  object  is  bemg  viewed 
by  a succession  of  powers,  little  or  no  re^justmpt  of  its 
the  stage  should  be  required.  For  the  Simple  Microscope,  m which 
it  is  seldom  advantageous  to  use  lenses  of  shorter  focus  th^  l-4th 
inch  (save  where  ‘ doublets’  are  employed,  § 23),  a rach-a/nd-pimon 
XstoentTif  it  be  made  to  work  both  tightly  and  smootUy 
answers  sufBciehtly  weU ; and  this  is  qmte  ^equate  ^so  for  t^ 
focal  adjustment  of  the  Compound  body,  when  objecrives  of  lo 
vrrrwpr  nnlv  are  emnlovcd  But  for  any  lenses  whose  focus  is  less 
ba&Scra  ‘ Se  adjusW,'  Ir  • slow  mottoa,'  by  means 
of  a operatiii  either  on  the  object-glass  alone  or  on 

fbe  entto  body  is  of  |reat  vSlue-,  and  for  the  highest  powers  it  m 
Quite  indispensable.  In  some  Microscopes,  indeed,  which  are  pro- 
^dS‘with^a‘fine  adjustment,’ the  rack-and-pmiqn  movement  is 
dispensed  with,  the  ‘ coarse  adjustment,  bemg  given  by  ™ere  y 
S“?he  bod;  up  and  down  in  the  ““he 
this  ifian  is  only  admissible  where,  for  the  sake  of 
ness^ortabifity,  the  instrument  has  to  be  reduced  to  the  form  of 

"‘“r  W^tytss  important  than  the  precetog 

case  of  the  Compound  Microscope,  especi^y  with  the  long  L 

the  ordinary  English  model,  is  the  capability  of 

reSencepf  the  vertical 

of  the  microscope  is  short,  as  necessary  that 

and  there  are  many  cases  any 

time  ^8^  to  ragTof  to  inclining  Microscope,  by  bringing 


MECHANICAL  AEriANGEMENTS  OF  MICEOSCOPE. 


49 


•the  optic  axis  of  the  ihstruinent  into  the  vertical  direction.  And 
■even  witli  the  stage  horizontal,  a convenient  inclination  may  be  given 
to  the  visnal  axis,  not  merely  by  snch  modifications  in  general  con- 
straction  as  constitute  the  special  features  of  the  erecting  Binocu- 
lar of  Mr.  Stephenson  (§  36)  or  the  Inverted  Microscope  of  Dr. 
Laurence  Smith  (§  80),  but  bj^  the  apphcation  to  the  ordinary  verti- 
cal body  of  the  erecting  eye-piece  of  M.  Machet  (§  86). — In  ordinary 
cases  an  inclination  of  the  body  at  an  angle  of  about  55°  to  the 
horizon  will  usually  be  found  most  convenient  for  unconstrained 
obsei-yation ; and  the  instrument  should  be  so  constructed,  as,  when 
thus  inclined,  to  give  to  the  stage  such  an  elevation  above  the  table, 
that,  when  the  hands  are  employed  at  it,  the  arms  may  rest  conve- 
niently upon  the  table.  In  this  manner  a degree  of  support  is 
attained,  which  gives  such  free  play  to  the  muscles  of  the  hands, 
that  movements  of  the  greatest  nicety  may  be  executed  by  them  ; 
and  the  fatigue  of  long- continued  observation  is  greatly  diminished. 
Such  minutiae  may  appear  too  trivial  to  deserve  mention  ; but  no 
practised  Microscoj)ist  wiU  be  slow  to  acknowledge  their  value. — 
For  other  pui-poses,  again,  it  is  requisite  that  the  Microscope  should 
be  placed  horizontally,  as  when  the  Camera  Lucida  is  used  for 
drawing  or  measui-ing.  It  ought,  therefore,  to  be  made  capable  of 
every  such  variety  of  position ; and  the  Stage  must  of  course  be 
provided  with  some  means  of  holding  the  object,  when  it  is  itself 
placed  in  a position  so  inclined  that  the  object  would  slip  down 
unless  sustained. 

i\ . The  last  pidnciple  on  wliich  we  shall  here  dwell,  as  essential 
to  the  value  of  a Microscope  designed  for  ordinary  work,  is  Bimpll- 
f ttij  iii  the  eoustvuctiovj  cvnd  adjustment  of  evevij  jiavt.  Many  in- 
genious mechanicgtl  devices  have  been  invented  and  executed,  for 
the  purpose  of  overcoming  difficulties  which  are  in  themselves  really 
tnrial.  A moderate  amount  of  dexterity  in  the  use  of  the  hands  is 
sufficient  to  render  most  of  these  superfluous ; and  without  such 
<lexterity,  no  one  even  with  the  most  complete  mechanical  facilities. 
Avill  ever  become  a good  Microscopist.  Among  the  conveniences  of 
Himphcity,  the  practised  Microscopist  will  not  fail  to  recognize  the 
savmg  oi  time  effected  by  being  able  quickly  to  set  up  and  put 
away  ms  instrument.  Where  a number  of  parts  are  to  be  screwed 
ogether  before  it  can  be  brought  into  use,  interesting  objects  (as 
well  as  time)  are  not  unfreqnently  lost ; and  the  same  cause  wdl 
often  occasion  the  instrument  to  be  left  exposed  to  the  air  and  dust, 
o its  fB’eat  detriment,  because  time  is  required  to  jiut  it  away  ; so 

a a slight  advantage  on  the  side  of  simjilicity  of  arrangement 
Olsten  causes  an  inferior  mstinment  to  be  preferred  by  the  working 
- icrqscopist  to  a siqierior  one.  Yet  there  is,  of  course,  a.  limit  to 
this  simphhcation  ; and  no  arrangement  can  be  objected-to  on  this 
score,  which  gives  advantages  in  the  examination  of  difficult  objects, 
or  in  the  detemination  of  doubtful  questions,  such  as  no  siniiilcr 
means  can  afford. — The  meaning  of  this  distinction  will  become 
apparent,  it  it  be  applied  to  the  cases  of  the  Mechanical  iStagi* 

E 
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and  the  Achromatic  CoBdenser.  For  altho^ 

Stage  maybe  considered  ^ examination  of  the 

tating  the  finding  of  a nothing  to  the  clearness  of 

entire  surface  of  a large  one,  yet  it  be  supplied 

our  view  of  either ; and  its  place  may  ^ , oth^r  hand,  the  use 
by  the  fingers  of  a aood  mampnlator 

of  the  Achromatic  Condenser  not  Xion  of  a perfect  image, 

but  is  absolutely  indispensable,  to  t , ^ .^^ant  of  it 

in  the  case  of  many  ob]ects  of  of  the  ordinary 

cannot  be  compensated  by  the  , •,  ^ fairly  be  considered 

appliances  ; and  consequently,  a +^e  mirposes  to  which 

«iperfluous  as  regards  a large  F°P°X?vfstiS^^^^^  <iiBplay. 
the  Microscope  is  directed,  whether  alluded  to,  it  must  be- 

yet  as  regards  the  particular  ^^3  +Pe  instrument  than  the- 

considered  as  no  less  expense  is  not  an  object,  the 

Achromatic  Objective  , fitted^with  both  these  valuable 

IMicroscqpe  should  the  cost  is  so  limited  that 

accessories ; w-here,  on  ° should  be  selected  which  wiU 

only  one  can  be  afforded,  piirposes  to  which  it  is 

make  the  instrument  most  useful  toi  tiie  puipu 

likely  to  be  apphed. 

In  the  account  now  to  be  S^cfuSiV^it^  iS^ttieVithor’s 
scope  readily  procurable  in  . describe  the  various  patterns 

objict,  not  so 

which  the  several  Makers  of  ^ g .^^idch  it  seems  to  lum 

selecting  from  among  them  those  examp  ^ • the  pecuhp 

most  desirable  Ao  p^^’7^h_p„ents  to  gmde  his  readers  in 

advantages  which  each  ^ i ggt  siii^  on  the  one  hand, 

the  choice  of  the_7cmd  of  he  desirous  of  following 

to  the  class  of  investigations  t J .J  abihty.  He  is  anxious.. 
out,  and,  on  the  other,  to  then  pe  /,  mark  any  preference 

however,  that  he  should  not  be  igcted,  over  those  con- 

for  the  particular  mstmments  l;®Xbv  Makers.  To  have 

striicted  upon  the  same  J^ly  be  quite  incoifipatible  with 

enumerated  them  all,  ?^J}®I?coiS  it  fair  (save  m one 

the  plan  of  his  Treatise;  to  those  Makers  who 

or  two  special  cases)  to  give  the  1 ™gtniction,  and  have  thus 
have  worked  out  their  have  been 

furnished  (to  say  the  leas  ) & cation  by  others, 

adopted  with  more  or  less  of  moditication  y 

SIMPLE  MICROSCOPES. 

4.2.  Under  tide  head  the  cou« 
lens  first  claims  our  attention ; Although  this 
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Naturalist-fxirnishing  liim  with  the  means  of  at  ouee  mahioo- 
^nch  prehmma9y/exammations  as  often  afford  him  most  important 
guidance— yet  there  are  comparatively  few  who  know  how  to 

The  chief  difficulty  lies  in  the 
.steady  fixation  of  it  at  the  requisite  distance  from  the  ohiect  • espe 
c aUy  when  the  ens  employed  is  of  such  short  focus  thk  the' 
slightest  want  of  exactness  in  this  adjustment  produces  evident 

unage.  By  carefuUy  resting  the  hand  which 
tames  the  glass,  however,  agamst  that  which  carries  the  object  so 
that  both  whenever  they  move,  shall  move  togetherthe  observe^^^ 

commrative  Smt?’  orm  high  powers  with 

^mparauve  taciLty.  Ihe  lenses  most  generallv  serviceablp  W 

Hand-magnffiers  range  in  focal  length  fr"om  two  Incherto  half  an 

combination  of  two  or  three  such  in  the  same  handle 

a^^a  p peij)rated  plate  of  tortoiseshell  (which  serves 

nnb-P  p ^ f magnifying  power  is  desired  as  would  re- 

sUstitution°t:?Ooddlng^^^^ 

Which  it  mly  S ?onveffient  to  rSem  ht^^ 

IS  a rudimentary  fonn  Iso  to  sr.Ppl-1  p?’  u 1 • 1 l^l^l  ^PParatus 

.stood  as  a SimX  l\Iicricone  -^tb^  +pf  commonly  under- 

those  instruments  in  which  the  mao-TiTf^-  usually  applied  to 

otherwise  than  in  the  hand,  or  inihiSTif  KThor 
|;epported  by  the  hand,  the  lenses  ha.e’a  &ed 

mediate  plac^be^ee?tte*Hand~n^’*'(f^*"’’p?  ““  inter- 

•scope;  being,  in  fact  nothin o-  mpy  f ud  the  complete  Micro- 

manner  as^to  be  canable  of  p supported  in  such  a 

positions  suitabffi  forlSssec?L  3 ^ o±‘ 

consrsts  of  a circular  brass  foof  whp  “^^^^Pulations.  It 

piUar  (Fig.  31),  which  is  ‘Lmn  screwed  a short  tubular 

a_  second  tube,  also  ‘snmnrr’  f +i^  s uj)23er  end,  so  as  to  grasp 

pillar  may  be  elongated^toabon/^  which  the 

md  a jointed  socket,  tWffh  whl'h'?®'^'  at  its  upper 

ong  slides  rather  stiffly  • one  end  about  3}  inches 

omt  to  which  is  attached  V Bn ^ l^arcarnes  another 

engthening  or  shorteninrr  -iP  -n  ^ holding  the  lenses.  By 
be  square^bar  makes  wfth  ^ts^sn!!^’’  V ^1^«  angle  whicfi 

luough  the  socket  almoTt  L v nnlT'"'^’  V . shding'that  bar 

0 the  lens,  that  can  be  required  fb^?h  elevation  may  be  given 
■e  most  usefully  applied  -^p-irp  l • ^ f imrposes  to  which  it  may 
y applied , care  Joeing  taJou  m all  instances,  that 
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tlie  ring  wliich  can'ies  the  lens  should  (by  means  of  its  joint)  be 
placed  horizontally.  At  a is  seen  the  position  which  adapts  it 

best  for  picking 


Fig.  31. 


Ross’s  Simple  Microscope. 


out  minute  shells, 
for  other  simi- 


or 


lar  manipulations ; 
the  sand  or  dredg- 
ings to  be  ex- 
amined being 
spread  upon  a piece 
of  black  paper,  and 
raised  upon  a book, 
a box,  or  some 
other  support,  to 
such  a height  that 
when  the  lens  is  ad- 
justed thereto,  the 
eye  may  be  appHed 
to  it  continuous!}" 
without  unneces- 
sary fatigue.  It 
will  be  found  ad- 
vantageous that 
the  foot  of  the  mi- 
croscope should  not 
stand  upon  the 
jiaper  over  which 
the  objects  are 
spread,  as  it  is  de- 
sirable to  shake 
tills  from  time  to 
time  in  order  to 
bring  a fi-esh  por- 
tion of  the  matters 
to  be  examined  into 
view ; and  gene- 
rally speaking,  it 
will  be  found  con- 
venient to  place  it 
on  the  opposite 
side  of  the  object, 
rather  than  on  the 
same  side  Avith  the 
observer.  At  B is 
shown  the  position 
in  which  it  may 
be  most  conveni- 
ently set  for  the  dissection  of  objects  contained  in  a plu|^ 
or  trough,  the  sides  of  which,  being  liigher  tlian  the  lens,  wouW 
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prevent  tlie  nse  of  any  magnifier  monnted  on  a horizontal  arm 

lire  powers  usuaUy  supplied  with  this  instrament  are  one  of  an 
inch  focus,  and  a second  of  either  a half  or  a quarter  of  an  inch 
By  unscre^g  the  piUar,  the  whole  is  made  to  pack  into  a small 
licit  case,  the  extreme  portability  of  which  is  a gTeat  recommenda- 
tion.  Although  the  uses  of  this  little  instrument  are  cn-eatly 
lumted  by  its  want  of  ” 

stage,  mirror,  &c.,  yet, 
for  the  class  of  pur- 
poses to  which  it  is 
suited,  it  has  advan- 
tages over  perhaps 
every  other  form  that 
has  been  devised. 

44.  Qv^ekett’s  Dissect - 
imj  Microscope.  — By 
theScientificinvestiga- 
tor  who  desu’es  a large 
flat  stage,  combined’ 
with  portability,  the 
arrangement  devised 
by_  111-.  John  Quekett 
(Fig.  32)  will  be  found 
extremely  convenient. 

The  Stage,  which  con- 
stitutes the  principal 
part  of  the  apparatus, 
is  a plate  of  brass 
(bronzed*)  nearly  six 
inches  square,  screwed 
to  a jhece  of  mahogany 
of  the  same  size,  and 
about  5-8ths  of  an  inch 
thick;  underneath  this 
is  a folding  flap  four 
inches  broad,  attached 
on  each  side  by  hinges ; 
and  the  two  flaps  are 
so  shaped,  that,  when 
folded  together,  one  lies  closely  upon  the  other,  as  shown  at  b.  Fig.  32, 

HtJrnro  at  A,  they  give  a firm  support  to  the 

stage  at  a convenient  height.f  At  the  back  of  the  stagi-plate  is  a 

plato-glass  or  ebonite  ; and  this  is 
t ^ ^ Sea-water  or  Acids  are  used, 

modi  on  fSr  generally  supported,  either  (as  in  Mr.  Ladd’s 

arrScked  in  underside,  and 

ParkL  of  dismounted;  or  (as  made  by  Mr.  Swift  and 

Oitber  of  ^ legs  which  fold  beneath  it 

nio  lel  wliTpo^  remedying  the  chief  disadvantage  of  tho  original 

nei,  viiich  consists  in  tho  exclusion  of  xidc  light  from  tlie  mirror. 


Quekett’s  Dissecting  Microscope,  set  up  for  use 
at  A,  and  packed  together  at  n. 
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vonnd  hole,  through  which  a tubular  stem  works  vertically  with  a 
rack-aud-pinion  movement,  carrying  at  its  summit  the  horizontal 
Ai*m  for  the  magnifying  powers ; and  into  the  underside  of  the 
stage-plate  there  screws  a stem  which  carries  [the  mirror-frame. 
From  this  frame  the  mirror  may  be  removed,  and  its  place  supplied 
by  a convex  lens,  which  serves  as  a condenser  for  opaque  objects,  its 
stem  beiug  then  fitted  into  a hole  in  the  stage,  at  one  side  or  in 
front  of  its  central  perforation.  The  instniment  is  usually  fur- 
nished with  three  magnifiers — namely,  an  inch  and  a halj^-inch 
ordinary  lenses,  and  a quarter-inch  Coddington ; and  these  (or  the 
combinations  of  equivalent  foci  already  mentioned,  § 25),  will  be 
found  to  be  the  powers  most  useful  for  the  pturposes  to  which  it  is 
specially  adapted.  As  a black  background  is  often  required  in 
dissecting  objects  which  are  not  transparent,  this  may  be  most 
readily  provided  by  attaching  a disk  of  deacZ-black  paper  to  the 
back  of  the  mirror.  The  lenses,  mirror,  condenser,  vertical  stem, 
and  niiUed-head,  all  fit  into  a drawer  which  shuts  into  the  under- 
side of  the  stage ; so  that,  when  packed  together,  and  the  flaps 
kept  down  by  an  elastic  band,  as  shown  at  B,  Fig.  32,  the  instru- 
ment is  extremely  portable,  furnishing  (so  to  speak)  a case  for 
itself.  It  may  be  easily  made  with  an  additional  arm  carrying  a 
light  Compound  body,  furnished  with  objectives  suitable  for  the 
examination  of  dissections  or  other  preparations  made  upon  the 
stage,  without  disturbing  them  by  removal  to  another  instruinent. 
<li5.  Siehert  and  Kraft’s  Dissecting  Microscojpe. — In  making  minute 


Fig.  nti. 


Siobort  and  Kraft’s  Dissecting  Microscope,  as  opened  for  use. 


dissections,  however,  the  hands  are  most  advantageously  rested,  not 
on  the  stage  itself,  but  on  supports  at  a level  intermediate  between 
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that  of  the  stage  and  that  of  the  table.  Such  a suj)port,  in  some 
C-ontinental  Dissecting  Microscopes— as  those  of  Nachet  and  Zeiss 
is  attached  to  each  side  of  the  stage  of  an  ordinary  Simple  Micro- 
scope; but  this  ai-rangement  is  subject  to  the  disadvantage  of 
causing  the  whole  weight  of  the  hands  to  bear  on  the  stage,  so  as, 
by  depressing  it,  to  throw  the  object  out  of  focus,  unless  the  stage 
be  made  of  extraordinary  solidity,  or  be  supported  in  front  as  well 
ns  behind.^  Hence  the  Author  regards  the  arrangement  adopted  by 
Messrs.  Siebert  and  KFaft  (Fig.  33)  as  preferable ; in  which  the 
•supports  foj.'  the  hands  are  oblique  wooden  blocks,  altogether  dis- 
•connected  from  the  stage.  These,  being  hinged  to  the  wooden  base 


Fig.  31. 


fSiebcrt  aud  Kraft’s  Dissecting  Microscope,  as  folded  in  case 


portability  (as  shown  in 

j I . the  instrument  packs  into  a very  small  compass, 
hand  Dissechm  Microscope.— ^Yhere,  on  the  other 

is  to  altogether  sacrificed,  and  the  instrument 

ma^^ifvin  ^ making  of  large  dissections  under  a loiv 

FdnxW  ^ Messrs.  Baker  on  the  basis  of  that  devised  by  Prof. 

fnnLi  ^ Practical  Class  at  South  Kensington— will 
•be  found  decidedly  preferable,  d'he  framework  of  the  iLtrument 
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is  solidly  constructed  in  mahogany,  all  its  surfaces  being  blackened  ; 
and  is  so  arranged  as  to  give  two  uprights  for  the  support  of  the- 

Fig.  35. 


Laboratoiy  Dissecting  Microscope. 


stage,  and  two  obhque  rests  for  the  hands.  Close  to  the  summit 
of  each^  of  these  uprights  is  a groove  into  which  the  stage-plate 
slides  ; and  this  may  be  either  a square  of  moderately  thick  glass, 
or  a jdate  of  ebonite  having  a central  perforation  into  which  a disk 
of  the  same  material  may  be  fitted  so  as  to  lie  flush  with  its  sur- 
face ; one  of  those  being  readily  substituted  for  the  other,  as  may 
best  suit  the  use  to  be  made  of  it.  The  magnifier  is  earned  on 
an  arm  working  on  a racked  stem,  wliich  is  raised  or  lowered  by  a 
milled-head  pinion  attached  to  a pillar  at  the  further  right-hand 
corner  of  the  stage.  The  length  of  the  rack  is  sufficient  to  allow 
the  arm  to  be  adjusted  to  any  focal  distance  between  2 inches 
and  l-4th  of  an  inch.  But  as  the  height  of  the  pillar  is  not 
sufficierit  to  allow  the  use  of  a lens  of  3 inches  focus  (wliich  is  verj- 
useful  for  lai'ge  dissections),  the  ann  canying  tlie  lenses  is  made 
with  a double  bend,  which,  when  its  position  is  reversed  (as  is 
readily  done  by  unscrewing  the  milled  head  that  attaches  it  to  the 
top  of  the  racked  stem),  gives  the  additional  inch  required.  As  in 
the  Quekett  Microscope,  a Compound  body  may  be  easily  fitted,  if 
desired,  to  a separate  arm  capable  of  being  pivotted  on  the  same 
stem.  The  mirror  frame  is  fixed  to  the  wooden  basis  of  the  instru- 
■ ment ; and  places  for  the  magnifiers  are  made  in  grooves  beneath 
the  hand-supports. — The  advantages  of  this  general  design  have 
now  been  satisfactorily  demonstrated  by  the  large  use  that  ha«- 
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been  made  of  it ; but  the  details  of  its  construction  (such  as  the 
height  and  slope  to  be  given  to  the  hand-rests)  may  be  easily 
adapted  to  individual  requirements. 

47.  Beck’s  Dissecting  Microscope,  luith  Nacliet’s  Binocular. — A 
substantial  and  elaborate  form  of  Dissecting  Microscope,  devised 
by  the  late  Mr.  E.  Beck,  is  represented  in  Fig.  36.  From  the 
angles  of  a square  mahogany  base,  there  rise  four  strong  brass 

Fig.  P,r,. 


Beck’s  Dissecting  Microscope,  with  Kachot’s  Binocular  Microscope. 

pillais,  which  support,  at  a height  of  4 inches,  a brass  iilate- 
3 inc  es  square,  having  a central  aperture  of  1 inch  across : upon 
this  rests  a circular  brass  plate,  of  which  the  diameter  is  equal  to 
the  side  of  the  preceding,  and  which  is  attached  to  it  by  a revolving 
httmg  that  surroimds  the  central  aperture,  and  can  be  tightened 
l>y  a large  miUed-head  beneath  ; whilst  above  this  is  a third  plate, 
which  shdes  easily  over  the  second,  being  held  down  upon  it  by 
^ movement  of  If  inch  in  any  direction.  The 
^ertup  of  inch  for  the  reception  of  various 
oTifl  I'n+r.  •+  foi*  containing  objects  for  dissection ; 

•ind  spcnro  ^ spring-holder,  suitable  to  receive 

and  secure  a glass  slide  of  the  ordinary  size.  By  turning  the 

mide  V observation  may  be  easily 

tion^  of  without  disturbing  its  relation  to  the  optical  por- 

o-ivpn  +r,  •+  ^ostrument ; whilst  a traversing  movement  may  be 

h J the  smaUer  plate.  The 

ack  piUar  contains  a tviangular  bar  -with  rack-and-pinion 
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anovement  for  focal  adjustment,  which  carries  the  horizontal 
ann  for  the  support  of  the  magnifiers ; this  arm  can  he  turned 
away  towards  the  left  side,  hut  it  is  provided  with  a stop  which 
checks  it  in  the  opposite  direction,  when  the  magnifier  is  exactly 
over  the  centre  of  the  stage-aperture.  Beneath  this  aperture  is  a 
•concave  mirror,  which,  when  not  in  use,  hes  in  a recess  in  the 
mahogany  hase,  so  as  to  leave  the  space  heneath  the  stage  entirely 
free  to  receive  a hox  containing  apparatus ; whilst  from  the  right- 
hand  hack  comer  there  can  he  raised  a stem  carrying  a side  con- 
densing-lens,  with  a hall-and-socket  movement.  In  addition  to 
the  Single  lenses  and  Coddington  ordinarily  used  for  the  purposes 
of  dissection,  a Binocular  arrangement  was  devised  hy  Mr.  R. 
Beck,*  on  the  principle  aj^plied  hy  MM.  Nachet,  about  the  same 
^date,  in  their  Stereo-pseudoscopic  Microscope  (§  38).  Adopting 
Mr.  Wenham’s  method  of  allowing  half  the  cone  of  rays  to 
proceed  to  one  eye  without  inten-uption,  he  caused  the  other  half 
to  he  intercepted  hy  a pair  of  prisms  disposed  as  in  Fig.  27,  2,  and 
to  be  by  them  transmitted  to  the  other  eye.  It  will  he  readdy 
understood  that  this  arrangement,  though  pseudoscopic.  for  the 
Compound  Microscope,  is  stereoscopic  for  the  Simple  Microscoi^e, 
in  which  there  is  no  reversal  of  the  pictures ; and  the  Author  can 
testify  to  the  fidelity  of  the  effect  of  rehef  obtainable  hy  Mr.  R. 
Beck’s  apparatus,  which,  being  carried  on  an  aim  superposed  upon 
that  which  hears  the  magnifier,  can  he  turned,  aside  at  pleasm*e. 
But  he  has  found  its  utihty  to  he  practically  limited  by  the  narrow- 
ness of  its  field  of  view,  hy  its  deficiency  of  fight  and_  of  rnagoify- 
ino-  power,  and  hy  the  inconvenience  of  the  manner  in  which  the 
-eyes  have  to  he  applied  to  it.^ — An  arrangement  greatly  supmior  in 
. all  these  particulars  having  been  since  worked  out  by  MM.  IN  achet, 
the  Author  has  combined  this  with  Mr.  R.  Beck’s  Stand,  and  tods 
every  reason  to  he  satisfied  with  the  residt;  the  solidity  of  the 
stand  giving  great  firmness,  whilst  the  size  of  the  stage-plate 
; affords  ample-room  for  the  hands  to  rest  upon  it.  The  Ol^ecffive 
""  Nachet’s  arrangement  is  an  ne.hrnTnatic  combination  of  thiee. 


in 


pairs,  having  a clear  aperture  of  nearly  3-4ths  of  an  inch,  and  a 
iiower  about  equal  to  that  of  a single  lens  of  one-inch  focus  ; and 
immediately  over  this  is  a pair  of  prisms,  each  resembling  a,  Im.  - 
having  their  inclined  suriaces  opposed  to  each  other,  so  as  to  divKic 
the  pencil  of  rays  passing  upwards  from  the  objective  into  two  halves. 
T'hese  are  reflected  horizontally,  the  one  to  the  right  and  the  otliei 
to  the  left ; each  to  he  received  hy  a lateral  pnsm  corresponctog 
to  B,  and  to  be  reflected  upwards  to  its  own  eye,  at  such  a sfigli 
<livergence  from  the  perpendicular  as  to  give  a natural  convergence 
to  the  axes  when  the  eyes  are  applied  to  the  eye-tubes  superposec 
on  the  lateral  prisms— the  distance  between  these  and  ^e  centnil 
prisms  being  made  capable  of  variation,  as  in  the  Compoimt 
Binocular  of  the  same  makers  (§  38).  The  ma^ifnng  power  ol 
this  instrument  may  be  augmented  to  3o  or  40  diameters, 

♦ “ Transactions  of  the  Microscopical  Society,”  N.  S.  ^ ol.  xii.  (1864),  p.  -3. 
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inserting  a concave  lens  in  each  eye-piece,  which  converts  the 
combination  into  the  likeness  of  a Gralilean  telescope  (or  opera- 
glass) ; and  this  arrangement  (originally  suggested  by  Prof. 
Briicke  of  Vienna)  has  the  additional  advantage  of  increasing  the 
<listance  between  the  object  and  the  object-glass,  so  as  to  give 
more  room  for  the  use  of  dissecting  instmments. — To  all  who  are 
•engaged  in  investigations  requiring  very  minute  and  dehcate  dis- 
section, the  Author  can  most  strongly  recommend  MM.  Nachet’s 
instrument.  No  one  who  has  not  had  experience  of  it,  can  estimate 
the  immense  advantage  given  by  the  Stereoscoj)ic  view,  not  merely 
in  appreciating  the  solid  form  of  the  object  under  dissection,  but 
also  in  precisely  estimating  the  relation  of  the  dissecting  instru- 
ment to  it  in  the  vertical  direction.  This  is  especially  important 
when  fine  scissors  are  being  used  horizontally ; since  the  course  of 
the  section  can  thus  be  so  regulated  as  to  pass  through  the  plane 
desired,  with  an  exactness  totally  unattainable  by  the  use  of  any 
monocular  magnifier. 

48.  Field’s  Dissecting  and  Mo^mting  Microscope.— This  instru- 
ment,  constructed  on  the  plan  of  Mr.  W.  P.  Marshall,  is  a com- 
bmation  of  a Dissecting^  Microscope  with  a set  of  apparatus  and 
materials  foi*  the  preparation  and  mounting  of  microscopic  objects  ; 
the  whole  being  packed  in  a small  cubical  case  about  seven  inches 
each  "^ay,  convenient  both  for  general  use,  but  more  particularly  as 
a travelling  case  for  carrying  the  several  requisites  for  the  examina- 
of  objects  into  the  country,  or  to  the  seaside, 
ilie  Microscope  can  be  used  either  Simple  or  Compound,  as 
shown  in  Fig.  37  ; and  is  fitted  with  a mirror,  side-condenser,  and 
stage-forceps,  and  with  metal  and  glass  stage-plates  ; a dissecting- 
cork,  also  fits  into  the  opening  of  the  stage, 
e Simple  Microscojie,  as  used  for  dissecting  and  mounting,  is 
sliown  in  the  lower  figure ; it  has  two  powers,  used  singly  or  in 

carried^  by  the  smaller  arm  of  the  stand, 
e omponnd  body,  as  shown  in  the  upper  figure,  screws  into  the 
arger  aim  of  the  stand,  and  has  a divided  objective,  giving  a range 
f powers ; the  nose  is  made  with  the  standard  screw,  so  as 

0 any  first-class  objectives.  A telescopic  sliding  arm,  fitting 
m o a socket  on  either  side  of  the  stage,  can  also  be  used  to  carry 

e simp  e-inicroscope  powers,  as  well  as  a larger  low-power  lens, 
a serves  also^  as  a hand-magnifier ; and  the  aim  can  be  readily 
desired  position  for  examining  objects  away  from  the 
'vatch-glass  holder,  used  upon  the  glass  stage-plate, 
sliding  steadily  upon  the  stage  in  any  direction 
L-  ^ ‘ , . under  examination  in  a watch-glass.  A turn -table 

purposes  is  carried  upon  a long  spindle  that  works 
thp  f comer  of  the  stage  (as  shown  in  the  lower  figure), 

liai’nrt.  +n  i «tand  seiwing  as  a support  for  the  hand  whilst 

1 ^ table  the  top  is  made  of  the  size  of  an  ordinary. 

1 1 slide  is  held  upon  it  by  an  india-rubber  band. 

p ate  fits  into  the  ojiening  of  the  stage,  and  is  heated-  by  a 
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spirit-lamp  placed  in  the  position  of  the  min'or,  which  is  then 
tnmed  to  one  side ; and  the  larger  arm  serves  also  as  a watch- 
glass  holder  for  preparing  crystals  by  evaporation  over  the  spirit- 
lamp.  A selection  of  materials  required  in  preparing  and  mount - 

Fig.  37. 


Field’s  Dissecting  and  Mounting  Microscope. 

ing  objects  is  supplied  in  a rack  of  bottles  shdiug  in  the  case ; 
and  a set  of  instruments — disaecting-needles,  knife,  forceps,  dipping 
tubes,  brushes,  &c. — with  a supply  of  cover-glasses,  cells.  &c.,  are 
earned  in  the  three  drawers  ; all  the  different  contents  of  the  case 
being  readily  accessible  when  it  is  set  open,  as  sho^vn  in  the 
lower  part  of  the  figure.* 

* The  whole  of  this  apparatus  is  supplied  complete  at  the  raodeiute  cost 
of  ; or,  without  the  Compound  body  and  inclined  movement  of  the  stand, 
at  £2  10s. 
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4P.  Of  the  various  fomis  of  Comijound  Microscope,  the  greater 
number  may  be  grouped  with  tolerable  definiteness  into  three  prin- 
cipal Classes  : the  First  consistiug  of  those  high-class  instruments 
in  which  the  greatest  possible  perfection  and  comjileteness  are 
aimed  at,  without  regard  to  cost ; the  Second  including  those  which 
are  adapted  to  all  the  ordinary  requirements  of  the  observer,  and 
which  can  be  fitted  with  the  most  important  Accessories  whilst 
to  the  Third  belong  the  Students’  and  Educational  Microscopes, 
in  wliich  simplicity  and  cheapness  are  made  the  primary  con- 
siderations. Besides  these,  there  is  a class  of  Microscopes  devised 
for  special  jiurposes,  but  not  suited  for  ordinary  use. — In  all,  save 
the  last,  the  same  basis  of  support  is  adopted ; namely,  a tripod 
‘foot,’_caiTying  a pair  of  uprights,  between  which  the  Microscope 
itself  is  swung  in  such  a manner,  that  the  weight  of  its  different 
paris  may  be  as  nearly  as  possible  balanced  above  and  below  the 
centres  of  suspension  in  all  the  ordinary  positions  of  the  instru- 
ment. This  double  support  was  first  introduced  by  Mr.  Gleorge 
Jackson,  who  substituted  two  pillars  (a  form  which  Messrs.  Beck 
retain  in  their  Large  Microscope,  Plate  vir.,  and  is  now  adopted  by 
Messrs.  Boss,  Plate  v.)  for  the  single  pillar,  connected  with  the 
Microscope  itself  by  a ‘ cradle-joint,’  which  was  previously  in  use, 
and  which  is  still  employed  in  many  Continental  models  (Fig.  45). 
But  in  place  of  pillars  screwed  into  the  tripod  base,  the  uprights 
are  now  usually  cast  in  one  jnece  with  the  base,  both  for  greater 
solidity  and  for  facility  of  constiniction  (Fig.  39) ; while  iu  most  of 
the  more  recent  models  an  ojDen  framework  is  adopted  (more  or  less 
resembling  that  first  devised  by  Mr.  Swift,  Fig.  60),  which  combines 
great  steadiness  with  lightness.  Messrs.  Powell  and  Lealand,  it 
will  be  obsei-ved,  adopt  a tripod  support  of  a different  kind  (Pig.  48 
and  Plate  M.);  still,  however,  caiTying  out  the  same  fundamental 
inmciple  of  swinging  the  Microscope  itself  between  two  centres. 
An  entirely  new  and  very  effective  mode  of  swinging  the  body  has 
lately  been  introduced  by  Mr.  George  Wale  of  FTew  York  (Pig.  44).— 
Two ^fferent  modes  of  giving  support  and  motion  to  the  ‘body’ 
will  be  found  to  prevail.  In  the  first,  which  may  be  called  tlie 
Foss  model  (as  having  been  originally  adopted  by  Mr.  Andrew  Boss), 
tne  body  is  attached  at  its  base  only  to  a transverse  ‘ arm,’  which, 
being  pivoted  to  the  top  of  the  ‘ stem,’  is  raised  or  lowered  with  it 
by  the  rack-and-pinion  action  that  works  in  the  pillar  to  which  the 
+V,  ^2).  The  fundamental  objection  to  this  method 

IS,  that  unless  the  transverse  arm  and  the  body  are  constructed 


It  is  tnio  that  the  most  important  of  these  accessories  ma?/  bo  applied  to 
lighter  kind  of  Microscopes  ; but  when  it  is  desired 
, ® instrument  complete  by  the  addition  of  them,  it  is  far  preferable 

1.0  aaopt  one  of  those  larger  and  more  substantial  models,  which  have  been 
uhmTcm^^^^  reference  to  their  most  advantageous  and  most  conve- 
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with  great  solidity,  the  absence  of  support  along  the  length  of 
the  latter  leaves  its  ocular  end  subject  to  -vabratiou,  which 
becomes  unpleasantly  apparent  when  high  powers  are  used,  giving 
a dancing  motion  to  the  objects.  With  the  view  of  preventing  this 
vibration,  the  top  of  the  ‘body’  is  sometimes  connected  with  the 
])ack  of  the  transverse  arm  by  a pair  of  oblique  ‘ stays  ’ (Fig.  48); 
but  the  usual  plan  is  to  obtain  the  requisite  firmness  bj^  the  thick- 
ness and  weight  of  the  several  parts.  In  the  other,  which  may  be 
termed  the  Jaclcson  model,  and  wliich  was  first  adopted  by  Mr. 
James  Smith  (the  predecessor  of  Messrs.  Beck),  the  body  is 
supported  along  a great  part  of  its  length  on  a sohd  ‘ limb,’  whereby 
its  vibration  is  reduced  to  a minimum ; and  the  rack,  which  is  acted 
on  by  a pinion  working  in  that  limb,  is  attached  to  the  bod^y  itself ; 
a construction  that  gives  a great  smoothness  and  easmess  of 
working  (Plate  vii.). — Having  made  use  of  instruments  constructed 
by  the  best  makers  on  both  models,  the  Author  has  no  hesitation, 
in  expressing  his  preference  for  the  second,  which  is  now  employed 
by  most  English  makers  (having  been  adopted  by  Messrs.  Ross 
themselves  in  their  more  recent  instruments),  and  by  nearly  all 
American.  He  regards  it  as  certain  that  greater  freedom  from 
vibration  can  be  obtained  in  lightly-framed  Microscopes  constructed 
on  the  Jackson  model,  than  in  any  but  the  most  solid  and  cumbrous 
of  the  old  Ross  pattern;  and  feels  assured  that  the  principle  of 
supporting  the  ‘ body  ’ along  a great  part  of  its  length  (which 
may  be  applied  in  a variety  of  modes)  wiU  in  time  supersede  that 
of  fixing  it  by  its  base  alone,  which  is  obviously  the  mode  lea^t 
adapted  to  prevent  vibration  at  its  ocular  end. 


In  describing  the  Instruments  which  he  has  selected  as  typical 
of  the  several  groups  above  enumerated,  the  Author  -wishes  not  to 
be  understood  as  giving  any  special  preference  to  these,  above  what 
may  be  the  equally  good  instruments  of  other  Makers.  The  num- 
ber of  those  who  now  construct  really  excellent  Microscojies  has  of 
late  years  increased  greatly ; but  their  models  are  for  the  most 
part  copied  more  or  less  closely  from  those  preriously  adopted  for 
their  high-class  Microscopes  by  the  three  piincipal  Firms  -syhich 
long  had  exclusive  possession  of  the  field.  Where  any  indi-vidual 
Maker  has  introduced  a real  novelty,  either  in  plan  of  construction,, 
or  in  simplification  leading  to  reduction  of  price,  the  Author  has 
thought  this  worthy  of  special  notice ; whilst  the  limits  -within 
which  he  is  restricted  oblige  him  to  content  liimself  ivith  a bare 
mention  of  other  Makers  whose  productions  are  favourably  known 
to  him.  It  will  be  found  most  advantageous  to  commence  with  the 
]<](hicational  and  Students’  Microscopes,  as  the  most  .simple  in  con- 
struction ; and  to  proceed  from  these  through  the  Second  to  the 
First-Class  Microscopes,  reserving  to  the  last  the  group  of  instru- 
ments adapted  for  Si^ecial  purposes. 


THIRD-CLASS  MICROSCOPES. 
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THIRD-CLASS  MICROSCOrES. 

00.  Very  important  contributions  to  our  knowledge  of  IS'ature' 
have  unquestionably  been  made  by  the  assistance  of  instinment»- 
not  suqiassmg  the  least  perfect  of  those  now  to  be  described.  Anri 
there  is  this  advantage  in  commencing  Microscope-work  with  a 
sunple  and  low-priced  instrument — that  the  risk  of  injury  to  a 
more  costljr  Microscope,  which  necessarily  arises  from  want  of 
ev]-)erience  in  its'  use,  is  avoided ; whilst  the  inferior  instniment 
will  still  be  found  serviceable  for  many  purposes,  after  a better  one 
lias  been  acquired.  Microscopes,  of  whatever  Class,  should  be 
provided  with  the  ‘ Society’s  screw  ’ now  used  not  only  by  British 
and  American,  but  _ also  by  several  Continental  Makers ; so  that 
any  of  their  Objectives  may  be  fitted  to  them.  (See  Note,  p.  70.) 


^Educational  Microscopes. 

bl.  Field’s  Educational  Microscope. — This  instrument  is  known 
as  the  ‘ Society  of  Arts  Microscope,’  in  consequence  of  its  having- 
gained  the  medal  awarded  by  that  society  in  1855  (at  the  suggestion 
of  the  Author)  for  the  best  ihvee-gidnea  Compound  Microscope  that 
was  thp  produced.  It  has  two  Eye-pieces,  and  two  achromatic 
Objectives,  Condenser,  Live-box,  &c.,  and  retains  its  place  amongst 
useful  instruments  of  low  price.  It  is  within  the  knowledge  of 
the  Author,  that  the  production  of  this  instiuiment  has  greatly 
promoted  the  spread  of  Microscopy  among  many  to  whom  the' 
pursuit  has  proved  most  valuable  as  a refreshing  and  elevating- 
occupation  for  hours  that  might  have  been  otherwise  either  spent 
111  idleness  or  turned  to  much  worse  account. 

52.  Groiich’s  Educational  Microscope. — This  is  aveiy  simple  and 
at  the  same  tme  serviceable,  instrament  (Fig.  38) ; well  suited  for 
the  display  of  Botanical  objects,  small  Insects  or  parts  of  larger 
ones.  Zoophytes  and  Polyzoa  that  may  be  picked  up  on  almost 
any  sea-shore,  or  the  Circulation  in  a Frog’s  foot.  In  order  to  mini- 
mize its  cost,  the  ordinary  modes  of  focal  adjustment  are  dispensed 
with ; the  ‘ coarse  ’ adjustment  being  made  by  sliding  the  body 
tlirough  the  tube  which  grasps  it,  and  which  is  lined  with  velvet 
to  secure  a smooth  and  equable  ‘ slip  ’;  and  the  ‘ fine  ’ by  slightly 
drawing-out  the  e;7e-piece.  _ This  method  answers  very  well  for  the 
low  powers  for  which  this  instrument  is  intended ; and  it  has  the 
aUvantage  of  not  allowing  the  adjustment  which  a Teacher  has 
made,  to  be  readily  disturbed  by  the  Pupils  to  whom  an  object  is 
lieing  exhibited.  It  is  provided  with  a side-condenser  for  illu- 
minating opaque  objects ; and  with  a diaphragm-jilate  fitted  into  a 
tube  which  is  screwed  into  the  aperture  of  the  stage,  and  which  is 
auaptea  also  to  receive  a polarizing  prism  and  sjiot-lens.* 

•M.  Farkess  Educational  Microscope. — Such  as  desire  a large  and 

* Tlio  cost  of  this  instniment,  witli  a dividing  object-glass  of  .1  inch  and 
1 mcl.  focus,  lu  mahogany  case,  is  only  £2  10s.  b a men  and 
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more  substantial  instrument,  which  may  he  advantageously  used 
for  higher  powers,  and  made  to  serve  a greater  variety  of  purposes, 

Fig.  38, 


will  find  the  Microscope  represented  in  Fig.  39  very  smtable  to 
such  requirements.  It  is  solidly  built,  without  being  imduly 
weighty,  carries  a body  of  full  diameter  (which  can  be  lengtheue 
bv  a draw-tube  to  ten  inches),  and  stands  well  upon  its  base,  iiic 
‘ coarse  ’ adiustment  is  made  (as  in  the  precetog  case)  by 
the  body  within  the  tube  that  grasps  it,  the  Iming  of  which  intli 
cloth  makes  it  work  very  easily  (Fig.  39) ; but  a ^ack-and-pinioii 
movement  may  be  added  at  a small  additional  post.  I e ° 
adiustment  is  made  by  a screw  (turned  by  the  milled-head  at  the 
top  of  the  vertical  pillar),  which  acts  on  the  carriage  of  the  bod)  , 
and  as  this  carriage  slides  between  dove-tailed  grooves,  the  ad.ius 
ment  is  made  ivith  entire  freedom  from  ‘ twist.  The  Microscop  ^ ■ 
fumishcd  with  two  eye-pieces,  of  which  the  lower  is  preferab  e 
objects  requiring  good  definition  ; wjiilst  the  higher  gives  a . I 
field  of  eight  inches  diameter,  suitable  for  Sections  of  IN  ood  an  I 
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other  like  obj  ects  viewed  with  the  low-power  obj  ective.  The  powers 

Fig.  3D. 


Parkes’s  Educational  Microscope. 

usually  supplied  are  a separating  combination  of  2 inch  and  1 inch, 
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which,  by  the  use  of  the  two  eye-pieces  and  the  draw-tube,  gives  a 
range  of  magnifying  power  from  15  to  110  diameters ; and  a l-4th 
inch  of  7 0°  aperture,  from  which,  by  the  same  means,  a range  of 
magnifying  power  can  be  obtained  from  140  to  450^  dianieters. 
The  aperture  of  the  stage  is  furnished  with  a cylindrical  fitting, 
which  carries  two  diaphragms  (one  with  a small  aperture,  the  other 
with  a larger)  for  regulating  the  quantity  of  light  reflected  ^ from 
the  mirror  to  the  object,  a ground-glass  for  the  equable  diffusion  of 
the  hght  over  a large  field,  and  a ‘ spot-lens  ’ for  black-ground 
illumination.  The  mirror  is  plane  on  one  side,  and  concave  on  the 
other ; and  a condenser  for  opaque  objects  is  attached  by  a jointed 
arm,  giving  universal  motion,  to  the  tube  that  carries  the  body. 
The  Objectives  of  this  Microscope,  as  of  most  of  those  constructed 
by  the  same  Makers,  are  made  to  fit  into  the  nozzle  of  the  body  by 
their  ‘ patent  sliding  adapter,’  which  enables  one  power  to  be 
exchanged  for  another  without  any  screwing  or  unscrewing. 
their  Microscopes  can  be  used  with  any  objective  carrying  the 
‘ Society’s  screw,’  by  simply  unscrewing  the  special  nozzle  from  the 
end  of  the  body.  And  by  sliding  the  special  nozzle  upon  either  of 
its  own  objectives,  this  may  be  used  with  any  other  instrument 
furnished  with  that  screw.* 


Skcdents'  Microscopes. 


54.  The  principle  is  now  universally  recognized,  that  the_  form  of 
Microscope  best  adapted  to  the  wants  of  the  Medical  or  Biological 
Student,  is  one  in  which  simplicity  and  compactness  of  general 
construction  are  combined  with  excellence  in  optical  performance. 
The  demand  for  instruments  of  this  kind  was  first  met  by  Con- 
tinental Opticians  ; and  at  the  time  when  Messrs.  Boss,  Powell 
and  Lealand,  and  Smith  and  Beck— then  almost  the  only  con- 
structors of  Microscopes  in  this  country — sold  no  Objectives  but 
such  as  would  stand  the  highest  tests  and  were  costly  in  propo^ 
tion,  recourse  was  necessarily  had,  by  such  as  desired  simpler  and 
cheaper  instruments,  to  the  Opticians  of  Prance  and  Germany ; 
among  whom  MM.  Nachet,  Oberhauser  (succeeded  by  Hai-tnack), 
and  Kellner  (succeeded  by  Gundlach),  long  shared  the  chief  Enghsh 
demand.  A large  number  of  new  Makers,  however— many  of 
them  trained  in  one  or  other  of  the  three  principal  establishments 
just  named — have  now  entered  the  field ; and  have  put  themsehes 
in  fair  competition  with  Continental  Opticians,  and  with  each 
other,  alike  in  the  excellence  of  their  work  (both  mechamcal  and 
optical),  and  in  moderation  of  price.  A distinct  class  of  ‘ Students 
Microscopes’ of  English  construction,  more  or  less  framed  upon 
Continental  models,  has  thus  come  into  general  use ; affording 


* The  price  of  this  Microscope  with  the  above-named  Accessories,  in  a well- 
made  mahogany  Case,  is  .£6  10s.  An  Objective  of  l-6th  inch  focus,  giving  a 
maximum  power  of  560  degrees,  or  one  of  1-7 th  inch  giving  a maximum  pon 
of  700  diameters,  may  be  substituted  for  the  l-4th  luch  at  a very  small  advnn 
of  cost.  A Polariscope  and  Achromatic  Condenser  can  be  easily  auaea. 
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ample  choice,  in  the  varieties  o£  their  pattern,  to  such  as  may  have 
a preference  for  one  or  other  of  them  as  most  suitable  to  the  work 
on  which  they  may  be  engaged.  With  few  exceptions,  the  Micro- 
scopes properly  belonging  to  this  class  have  the  small  short  ‘ body’ 
(capable,  however,  of  being  lengthened  by  a ‘ draw- tube  ’)  of  the 
Continental  instruments  ; and  this  is  grasped  by  a tube  attached 
to  the  ‘ limb,’  in  such  a manner  as  to  give  a support  that  is  free 
from  vibration  even  when  high  powers  are  in  use.  In  the  simplest 
models,  such  as  that  of  Messrs.  Baker  (Fig.  40),  there  is  no  rack- 
and-pinion  movement  for  the  ‘ coarse  ’ adjustment,  which  can  be 
very  easily  made  by  sliding  the  body  through  the  tube  which  holds 
it,  provided  that  this  be  lined  with  cloth  or  velvet : but  the  rack 
movement  can  generally  be  added  at  a small  cost.  A ‘ fine  ’ adjust- 
ment for  exact  focussing,  by  means  of  a micrometer-screw  worked 
by  a miUed-head,  is  always  provided ; and  this  movement  may  be 
given  in  different  ways.  In  the  Continental  models,  the  screw  is 
usually  contained  within  the  pillar  that  supports  the  arm  or  limb 
to  which  the  carriage  of  the  body  is  attached,  the  mil  led -bead 
beiug  at  its  summit  (Figs.  40,  45) ; this  answers  well  if  due  pro- 
vision be  made  to  prevent  ‘ twist  ’ of  the  movable  portion  (causing 
lateral  displacement  of  the  image),  without  interfering  with  its 
freedom  of  vertical  motion.  By  many  British  and  American 
makers,  the  fine  adjustment  is  made  to  act  on  a tube  within  the 
‘ nose  ’ of  the  body,  into  which  the  objective  is  screwed ; this  being- 
raised  or  lowered,  either  by  a lever  contained  within  the  arm,  which 
is  acted-on  by  the  milled-head  carried  by  it  (as  in  the  original  Boss 
model,  Fig.  52),  or  by  a shorter  lever  at  the  lower  end  of  the  body, 
to  which  the  milled-headed  screw  is  attached  (as  in  Messrs.  Beck’s 
Large  Microscope,  Plate  vii.).  This  method  is  subject  to  tjvo  dis- 
advantages : (1)  that  the  focussing  tube  which  carries  the  objective 
can  scarcely  be  made  to  work  with  the  requisite  facility,  without  a 
liability  to  ‘twist,’  which  becomes  very  perceptible  ^ter  much 
wear,  in  the  displacement  of  the  image  when  a high  magnifying- 
power  is  in  use ; and  (2)  that  by  the  vertical  movement  thus  given 
to  the  focnssing  tube,  the  working  length  of  the  body,  and  con- 
sequently the  magnifying  power,  undergoes  change  in  every  adjust- 
ment for^  focus.  The  plan  of  fine  adjustment  which  has  been 
adopted  from  an  American  model  by  Messrs.  Ross  (Plate  v.)  and  is 
employed  in  Wale’s  Hew  Working  Microscope  (Pig.  44),  seems  to 
the  Author  in  every  way  preferable.  Here  a lever  contained  within 
the  limb,  and  acted-on  by  a micrometer- screw  at  its  back,  gives 
motion  to  a long  slide,  working  in  dovetailed  grooves,  behind  the 
racked  slide  which  carries  the  body  ; and  tliis  can  be  made  to  work 
very  easily,  without  either  ‘twist’  or  ‘lost  time.’ — The  Stage  of 
titudents  Microscopes  is  often  a simple  plate  of  brass,  with  a 
iouple  of  springs  for  holding  down  the  object-slide;  but  in  some 
nodels  (Figs.  40, 45)  there  is  an  ‘ upper  stage-plate’  of  glass,  rotating 
n the  optic  axis  of  the  body.  Into  the  aperture  of  the  stage  a 
■ylindrical  fitting  is  usually  screwed,  for  the  purpose  of  receiving 
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the  Accessories  required  for  giving  varied  illunii^tion  ; the  most 
indispensable  of  these  being  Diaphragms  of  different  apertures. 
These  should  be  so  fitted  that  they  can  be  brought  up  A^sh  ^ith 
the  level  of  the  stage ; the  limitation  of  the  illui^ating  PeacHtor 
the  purpose  of  obtaining  the  best  definition,  being  much  more 
effectively  made  by  a very  small  aperture  (not  exceeding  a large 
pin-hole)  close  to  the  under  side  of  the  object-shde,  than  by  a 
wider  aperture  at  some  distance  beneath  it.  For  the  same  reason, 
if  a rotating  ‘ diaphragm-plate  ’ (§  98)  be  employed,  containing  a 
graduated  series  of  apertures,  it  should  be  attached  to 
side  of  the  Stage  itself,  and  not  to  the  of  the 

fitting  beneath  it.  For  perfect  regiilation  of 

so  effective  as  the  ‘ Iris-diaphragm  (§  98) ; and  ^ 

has  shown  (§  60),  may  be  constructed  so  cheaply,  that  its  general 
SpLu  seems  very  desirable.-The  min-or  should  be  double,  o^ 

of  its  surfaces  plane  and  the  other  concave;  and  it  should  be  so 
attached  (1)  that  its  distance  from  the  stage  may  be  varied  suffi- 
ciently, to  ilow  the  rays  reflected  from  the  concave  side  to  be  eitoer 
brought  to  a focus  on  the  object,  or  to  give  a u^orm  illummafaon 
overl  larger  field,  and  this  alike  with  the  parallel  rays  of  dayhght 
and  the  diverging  rays  of  a lamp ; and  (2)  that  it  may  be  tlrrown  s(^ 
out  of  the  optic  axis,  as  to  reflect  rays  of  considerable  obhquity. 
first  of  these  objects  is  answered  by  making  the 
upon  a stem  fixed  into  the  bottom  of  the  piUar  (Fig.  41) , 

Sees  not  give  sufficient  obliquity.  The  second  is  f ^ 

by  attaclSg  the  mirror-frame  to  a 

Jac  r,f  +bp  Htacp  (Fie  42) ; this  gives  any  amount  of  obhqmty,  but 
doe,  taSetli  from  the  sta«e  tohe  vanecl 

If  the  mirror-frame  be  made  to  slide  on  a stenq  it  shoiffd  be  moiin 
ou  a Tointed  arm,  so  as  to  be  made  capable  o/. 
obhque  light ; or,  if  attached  to  a swmging  bar,  ttos  bar  should  be 
made  capable  of  elongation  by  a shding  piece  workmg  in  a dove- 
Sn  ^oTe(L  in  wile’s  Micros  cope,  Fig.  44),.  so  as  to  allow  its 
distance  from  the  stage  to  be  varied. — A very  ingemous  arrange 
on+  nf  the  rotating  ‘ upper  stage  ’ has  been  devised  by  l\Ir.  John 
Phin  (of  New  York).  It  is  so  fitted  with  a short  tube,  that  it  may 
heshLAto  the  cylmdrical  fitting,  not  only  toom  above,  but  also 
from  fceZoio  • and  as  the  object-slide  rests  upon  the  spnngs  which 
nress  it  upwards  against  the  stage-plate,  not  only  may  hght  of  an> 

and  with  either  Wenham’s  ‘ disk  illuminator,  or  Woodwara 

regS  to  the  ^iSti^of  the 

Student’s  Microscope,  the  Author  feels  assure  la  1 
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the  conviction  of  _ the  most  experienced  loorhers  in  various  depart- 
men^  of  Biological  enquiry,  when  he  re-affirms  the  doctrine  of 
wluch  nearly  half  a century’s  varied  experience  has  satisfied  him 
but  wluch  has  been  of  late  vehemently  contested  (not  alwavs 
very  coui'teously)  by  Microscopists  whose  range  of  study  has  been 
less  extended—that  good  definition,  loitli  moderate  angle  of  aperture 
as  the  essential  requisite ; Objectives  of  this  class  being  not  only 
much  more  easy. to  use  by  the  inexperienced,  but  frequently  also 
giving  much  more  information  even  to  the  experienced  (in  virtue 
ot  then-  greater  ‘ penetration’  or  ‘ focal  depth’),  than  can  be  obtained 

f angles  required  for  the  resolution 

o difficult  diatom-tests  (see  § 161).  Every  one  who  is  at  all 
conversant  with  the  recent  history  of  Micro-Zoology,  Micro-Botany, 
2Bcro-Geology,  or  jWal  or  Vegetable  Histology,  must  know  thht 
at  least  ^ety-nine  hundredths  of  the  enormous  additions  made  to 
each  ot  these  departments  of  enquiry  dui-ing  the  last  quarter  of  a 
^oi‘^ed-out  by  Objectives  of  the  kind  here 

this  work  is  so 

vmperfect  that  it  wiU  have  to  be  done  over  again  with  Objectives 
ot  excessively  wide  aperture,  have  to  prove  the  fact.  Doubtless 
^ laet/iods  of  nrmaration  are  constantly  reveahng  novelties  in 
Sed^JxTm  B supposed)  had  been  already 

Xw  ^ut  "^P^bleof  being  thus  made  to 

ourkmowwt  • feels  confident  that  no  such  extension  of 
r^JuS  t^&;'  direction,  as  will 

wffich  certatn^M- ^ide-angled  Objectives, 
nowLoUinaafnr  especially  in  the  United  States,  are 

eoffia  i™rt?«  u trustworthy.^  In  confii-mation  of  the  fore- 
Dr  Beal?  f authorities  may  be  cited 

says  (“  H??  experience  no  one  can  call  in  question, 

‘Trdhia^  wo^kT  Microscope,”  5th  ed„  p.  10)!-“  For 

^ ?®  inconvenient  if  the  object-glass, 

“ riasirhaS  Tliis  is  a defect  in 

“muchliaht  ami  A angle  of  aperture.  Such  glasses  admit 
‘‘uature\?hicnook®?''\“"''^^  structures  of  an  e.xcee(tingly  delicate 

examined  with  ordinary  powers. 

“ ap  Jure  are  T?  hotoever,  glasses  of  medium  angular 

“and  upwards  • ^^sses  having  an  angle  of  150° 

“ delicate  and  thin  of  '^f  ® investigations  upon  many  very 
“pozt;ersare7m^i?eluXu?7f  such  as  the  Diatomacece  ; hat  such. 
•Olbbes,  who  - So  Dr.  Heneage 

distinguished  Histolnmo?^?  Klein,  one  of  the  most 

Student  (“  J’ractical  I'ecommends  the 

11.  lactical  Histology  and  Pathology,”  p.  6)  to  get  some 

Mr.  1^0°  aperture,  made  by 

very  good  English  Student’s  Mw”'***  would  purchase  a 

i>P  to  1-lOth  ‘ immemW  ^^^th  a series  of  excellent  Objective.s 
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good  Microscopist  to  test  the  object-glasses  he  thinks  of  purchasing  ; 
“ and  he  should  see  that  they  are  tested  on  some  Histological  object, 
“ and  not  on  Diatoms,  as  the  wide  angles  necessary  for  resolving  test 
“ Diatomacece  are  the  reverse  of  useful  to  the  young  histologist.”  And 
Dr.  Leidy,  of  Philadelphia,  everywhere  well  known  as  a most  able 
Biological  worker  of  large  and  varied  experience,  who  has  lately  pro- 
duced an  admirable  Monograph  (illustrated  by  48  beautiful  quarto 
plates)  on  the  “ Presh-water  Rhizopods  of  hTorth  America,”  makes  a 
point,  in  his  Introduction  (p.  3),  of  informing  Students  “ thatMicro- 
scopic  observations,  such  as  those  which  form  the  basis  of  the  pre- 
“ sent  work,  do  not  require  elaborate  and  high-priced  instruments 

the  Students’  Microscopes  of 
Zentmayer,  Beck,  or  Hart- 
nack,  with  a power  of  l-4th 
or  l-5th  inch,  and  the  occa- 
sional use  of  a l-8th  or  1-lOth 
inch,  furnishing  all  that  is 
needed.  “I  give  the  above 
“statement,”  he  adds,  “not 
“ with  any  disposition  to  de- 
“ tract  from  the  value  of  the 
“ various  magnificent  in- 
“ struments  so  much  in 
“vogue,  but  with  the  ob- 
“ject  of  dispelling  a com- 
“ mon  impression  widely  pre- 
“ valent,  at  least  among 
“ those  with  whom  I habitu- 
“ ally  come  into  contact,  that 
“ the  kind  of  work  such  as  I 
“ now  put  forth  can  be  done 
“only  with  the  help  ofelabo- 
“ rate  and  expensive  instru- 
“ ments.”* 

56.  Balter's  Student's  Mi- 
croscope. — Most  of  the  condi- 
tions above  specified  as  desii- 
able,  are  well  fulfilledin  the  in- 
strument represented  in  Pig. 
40 ; which  might  easily  be 
brought  iqto  entire  confor- 
Baker’s  Student’s  Microscope.  mity  with  them.  It  is  ex- 

tremely light  and  handy ; and  is  so  well  hung  as  to  be  very  steady 
in  all  positions.  It  is  provided  with  a rotating  glass  stage ; and 
* Now  that  the  requirements  of  a Student’s  Microscope  are  so  definitely 
understood,  the  Author  would  suggest  whether  it  would  not  bo  better  that  a new 
standard  screw  of  much  smaller  size  than  the  ‘Society's’  should  be  adopted  loi 
it  so  as  to  enable  Students’  ‘ Objectives'  to  be  set  in  the  small  light  ‘mounts 
used  on  the  Continent,  instead  of  iu  the  massive  mounts  which  the  Society  s screw 
necessitates;  especially  as,  on  the  construction  already  recommended  (§ 
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1 tills  carries  a cj^lindrical  fitting  (not  represented  in  the  figure)  for  the 
( usual  Accessories.* 

;■  .57.  GolUns’s  Shideyif  s Microscope. — This  instrument  (Fig.  41)  is 


+ plan  altogether  different ; the  body  havino-  the 
t ameter  of  that  of  the  larger  Microscopes  by  the  same  maker 

his  Student’s  Microscone  witli  iin  one  engaged  in  research  to  keep 

table;  and  to  ha?o  Objectives,  constantly  on  his 

lives  and  varied  methods  of  instrument,  with  its  first-class  Objec- 

o(th,  prep»mli„„,  Ue  1,.,  m.de  wift  h°s’,ta^ie!°m„d'r"“ 

;i  Jlf  lrMa  “'»i  two  Objeotivm 

joarso  adjustment,  6 guineas.  ’ guineas ; or,  with  rack-movement  for 
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(Fig.  49),  so  as  to  receive  their  eye-pieces,  and  being  capable  of 
elongation  by  a draw-tube  to  the  full  ordinary  length.  It  is  pro- 
vided with  a rack-movement  acting  on  a carriage  attached  along 
the  length  of  the  body  (as  in  the  J ackson  model) ; and  the  top  of 
this  carries  the  milled-head  for  the  fine  adjustment,  which  acts 
upon  a lever  near  the  bottom  of  the  carriage,  so  as  to  raise  or  lower 
a focussing  tube  within  the  nozzle  of  the  body. 

58.  Pillisclier's  International  Microscojpe. — The  Student  who 
may  be  mlling  to  incur  a slight  additional  expense,  for  the  sake 
of  obtaining  a substantial  and  well-constructed  instrument,  cannot 

do  better  (in  the  Author’s 
judgment)  than  possess  him- 
self of  the  International  Mi- 
croscope of  Mr.  Pillischer 
(Fig.  42),  in  which  the  ad- 
vantages of  British  and  Con- 
tinental methods  are  in- 
geniously combined.  The 
pillar,  carrying  a rack-move- 
ment with  double  milled- 
head,  is  swung  on  two  up- 
rights set  on  a solid  foot, 
in  such  a manner  as  to  be 
well  balanced;  and  at  the 
top  of  the  racked  stem  is  the 
milled-head  that  works  the 
screw  for  fine  adjustment, 
raising  or  lowering  the  hori- 
zontal arm  wliich  carries  the 
body,  without  twist  or  loss  of 
time.  This  arm  carries  a 
tube  firmly  screwed  into  it, 
through  wliich  the  body 
slides ; and  while  this  ar- 
rangement, by  giving  addi- 
tional support  to  the  lower 
part  of  the  body,  eflfectually 
antagonizes  vibration,  it  al- 
lows the  body  to  be  raised  to 
a height  that  permits  tlie  use 
of  objectives  of  3 or  4 inches’ 
focus,  for  which  the  rack- 
movement  is  not  long  enough 
to  provide.  On  the  outside 
of  this  tube  is  a clip  hav- 
Pillischer’s  International  Microscope.  attached  to  it  a jointed 

aiTu  that  carries  a condensing  lens  for  opaque  objects ; which,  by  rais- 
ing or  lowering  the  clip,  or  turning  it  round  the  tube,  can  be  brought 
into  any  required  iiosition.  The  stage  is  simple,  and  carries  a rotating 
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. of  tho  above  Microscope,  with  two  Eye-pieces  (B  and  C),  and 

.wo  Objectives  (.>8tbs  and  1-7 Ih  inch)  giving — with  tho  Draw-tube — a range 

0 powers  from  oO  to  420  diameters,  packed  in  a very  compact  Case,  is  only 

; or,  witli  the  addition  of  an  A Eye-piece,  a li  or  2-inch  Obioctivo, 

1 OJanzing  Apparatus,  and  Beale’s  Drawing  Camera,  10  guineas. 


cliaphragm-plate  on  its  under  side.  The  mirror  is  attachedto  a swing- 
ing bar, which  might  easily  be  made  to  elongate  like  that  of  the  Wale 
Alicroscope  (§  60). — The  special  merit  of  this  model  (of  which 
the  Author  can  speak  from  considerable  experience  of  its  use), 
lies  in  the  facility  with  wliich  both  the  coarse  and  the  fine 
movements  may  be  worked  with  either  of  the  hands,  while  resting 
on  the  table  in  the  position  most  convenient  for  manipulating  the 
object  on  the  stage  ; an  advantage  which  every  real  worker  with  a 
simple  instrument  of  this  class  will  appreciate.* 

69.  Ross's  {Zentmayer)  Student' sMicroscope. — Another  instrument 
of  superior  make  (Fig.  43),  has  lately  been  introduced  by  Messrs. 
Ross,  with  the  view  of  affording  to  the  Student  the  advantage  of 
the  ‘ swinging  tail- 
piece for  obhque  illu-  Eio.  43. 

mination,’  devised  by 
Mr.  Zentmayer ; of 
which  a fuller  descrip- 
tion will  be  given  in 
its  application  to  theii* 

First-class  Microscope 
(§72).  This  tad-piece 
swings  round  a pivot 
which  serves  for  the 
attachment  of  the 
stage  to  the  limb ; and 
at  the  back  of  the  limb 
is  a milled-head  work- 
ing on  the  projecting 
end  of  this  pivot,  by 
tightening  which  the 
stage  ma;y  be  firmly 
fixed  in  its  ordinary 
horizontal  position, 
whilst  by  loosening  it 
the  stage  may  be  made 
to  incHne  to  one  side  or 
the  other.  The  ‘tail- 
piece ’ carries,  between 
the  mirror  and  the 
slage,  a ‘ sub-stage,’  fit- 
ting  into  which  may  be 
•screwed  an  ordinaiy  1 
inch,  inch,  or  2 inch  Ross’s  (Zentmayer)  Student’s  Microscope. 

Objective,  which  answers  the  purpose  of  an  Achromatic  condenser; 
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and  wlien  a pencil  of  light  reflected  from  the  mirror  has  been  made 
by  it  to  focus  in  the  object,  the  swinging  of  the  ‘ tad-piece’  to  one  side 
or  the  other  will  give  any  degree  of  obliquity  to  the  illuminating  pencil 
that  may  be  desired,  without  throwing  its  focus  off  the  object,  as 
this  lies  in  the  plane  of  the  centre  round  which  it  turns.  The  ‘tail- 
piece ’ may  even  be  carried  round  above  the  stage,  so  that  light  of 
various  degrees  of  obliquity  may  be  concentrated  upon  opaque 
objects.  The  object-platform  of  the  stage  is  of  glass,  and  rotates 
round  the  optic  axis  of  the  microscope  ; so  that  the  object  may  be 
illuminated  by  oblique  rays  from  any  azimuth.  A mechanical  stage 
may  be  added,  if  desired. — The  workmanship  of  this  simple  model  is 
of  the  highest  class  ; and  there  is  little  real  xvorTi,  of  which,  in  the 
hands  of  an  observer  who  knows  how  to  turn  the  instrument  to  the 
best  account,  it  may  not  be  made  capable,  by  the  addition  of  a 
Polariscope,  Paraboloid,  and  other  accessories,  which  its  Sub-stage 
adapts  it  to  receive.* 

60.  Wale's  New  Worlcing  Microscope. — A Student’s  Microscope 
lately  brought  out  by  Mr.  George  Wale  (U.S.),  deserves  special 
notice,  on  account  of  several  ingenious  improvements  which  he  has 
introduced  into  its  construction. — In  the  first  place,  the  ‘ Hmb  ’ 
which  carries  the  body  and  the  stage,  instead  of  being  swung 
by  pivots — as  ordinarily — on  the  two  lateral  supports  (so  that  the 
balance  of  the  Microscope  is  greatly  altered  when  it  is  much 
inclined),  has  a circular  groove  cut  on  either  side,  into  which  fits  a 
circular  ridge  cast  on  the  inner  side  of  each  support.  The  two 
supports,  each  having  its  ownfore-foot,  are  cast  separately  (in iron),  so 
as  to  meet  to  form  the  hinder  foot,  where  they  are  held  together  by 
a strong  pin ; while  by  turning  the  miUed-head  on  the  right  sup- 
port, the  two  are  drawn  together  by  a screw,  which  thus  regulates 
the  pressure  made  by  the  two  ridges  that  work  into  the  two  grooves 
on  the  Hmb.  When  this  pressure  is  moderate,  nothing  can  be 
more  satisfactory  than  either  the  smoothness  of  the  inclining 
movement,  or  the  balancing  of  the  instrument  in  all  positions; 
while,  by  a sHght  tightening  of  the  screw,  it  can  be  firmly  fixed 
either  horizontaUy,  vertically,  or  at  any  inclination.  The  ‘ coarse  ’ 
adjustment  is  made  by  a smooth- working  rack  ; whilst  the  ‘ fine,’ 
made  by  a milled-head  at  the  back  of  the  ‘ Hmb,’  raises  or  lowers  the 
body  by  acting  on  the  slide  that  carries  the  rack-aud-pinion  move- 
ment. The  body  is  furnished  with  a long  draw-tube,  which  carries 
a screw  at  its  lower  end  for  the  reception  of  objectives  of  foci  too 
long  to  be  worked  from  the  nose  of  the  outside  body.  The  stage, 
though  thin  enough  to  admit  very  obHque  Hght,  is  very  firm ; it  is 
circular,  and  has  an  aH-round  groove  near  its  edge,  aHke  on  its 
upper  and  its  under  side.  Into  this  groove  there  fits  a spring-cHp 
for  holding  down  the  slide  upon  the  stage ; and  this  may  not  only 
be  turned  round  into  any  position  above  the  stage,  but  may  be 

* The  price  of  the  Microscope,  as  above  figured,  iu  Case,  is  10  guineas.  None 
but  first-class  Objectives  are  supplied  by  Messrs.  Eoss  ; but  the  Student  who 
finds  these  too  costly  may  obtain  elsewhere  such  as  suit  his  requirements. 
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reversed  so  as  to  hold  the  slide  against  its  under  side,  thus  enabling- 
light  of  any  degree  of  obliquity  to  be  thrown  on  the  object  A remov- 
able ‘ Ins-diaphragm  ’ (§  98),  which  is  made  to  open  or  close  by  a 


Wale  8 New  Working  Microscope. 

: Sn;  ? manner  that  ito  aper- 

II  ment  thnn^wVi’  ^ ^ under  Side  of  the  object-slide — an  arrange- 
ut  than  which,  in  the  Author  s opinion,  nothing  can  be  better. 
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This  may  be  replaced  by  a cylindrical  fitting  for  the  reception  of  a 
-Tolan^ope,  Paraboloid,  &c.  The  double  mirror  is  carried  upon  an 
arm  which  swings  on  a pivot  from  the  front  of  the  limb  beneath 
^ Ai  capable  of  extension  by  a dovetail  sliding  bar. 

Altogether,  this  instrument  (so  far  as  its  mechanical  arrange- 
ments are  concerned),  comes  nearer  than  any , others  that  the 
Author  has  seen,  to  his  idea  of  a model  Student’s  Microscope.* 

61.  Nacliet's  Student's  Micro- 
scope.  — This  instrument  de- 
serves special  mention  for  cer- 
tain peculiarities  of  construction 
which  distinguish  it  from  the 
ordinary  Continental  model  of 
Microscopes  of  this  class.  While 
most  of  these  can  be  used  only  in 
the  vertical  position,  the  Micro- 
scope of  MM.  ISlachetis  attached 
to  the  supporting  pillar  by  a 
cra^e-joint,  which  allows  it  to 
be  inclined  at  any  angle.  The 
body  is  furnished  with  a di-aw- 
tube,  by  which  it  is  shortened 
for  packing:  and  is  embraced 
by  a tube  which  canies  the 
rack,  so  that  it  is  well  sup- 
jiorted,  and  may  be  readily 
drawn  out  and  replaced  by  the 
Binocular  already  described. 
(§  38,  Pig.  28).  The  ‘ slow  mo- 
tion ’ is  given  by  a milled-head 
jilaced  at  the  top  of  the  sliding- 
stem,  so  as  to  be  near  that  which 
gives  the  rack-and-pinion  ad- 
justment. The  chief  peculiarity 
of  this  instrument,  however,  lies 
in  its  Stage,  which  the  Author 
has  no  hesitation  in  pronouncing 
to  be  the  most  perfect  of  its  kind 
that  has  been  3^et  devised.f  Its 
base  is  formed  of  a thick  plate, 
Nachet’s  Student’s  Microscope.  3 J inches  square,  having  a large 

circular  aperture;  and  on  this  is 


* This  Microscope,  with  two  Eye-pieces,  and  with  fairly  good  Objectives  of 
'2-3rds  and  l-5th  inch,  is  sold  in  New  York  for  So  dollars,  or  little  more  tliaii 
£7,  It  could  probably  be  made  in  this  country  (if  there  were  a considerable 
demand  for  it)  for  6 guineas. 

t This  Stage,  which,  on  the  Author’s  recommendation,  has  been  copied,  lirat 
by  Mr.  Crouch,  and  now  by  other  English  opticians,  seems  to  have  been 
originally  invented  by  Mr.  Zentmayer  of  Philadelphia. 
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superposed  a circular  plate  of  3 inches  in  diameter,  to  wliich  a. 
rotatory  movement,  concentric  with  the  optic  axis  of  the  Micro- 
scope, can  he  given  with  great  facility.  In  this  circular  plate  a disk 
of  thm  plate-glass  is  cemented  with  black  cement,  the  united  thick- 
ness of  the  two  around  the  central  aperture  being  not  more  than 
l-8th  of  an  inch,  so  that  light  of  the  greatest  obliquity  can  be- 
transmitted  to  the  object  from  beneath.  The  rotating  iilate  is  fur- 
nislmd  with  a projection  at  the  back,  to  which  is  attached  a strono- 
V-shaped  pair  of  springs,  having  their  extremities  armed  beneath 
rm  • ivoiy  knobs,  which  press  down  on  the  Object-carrier., 

ibis  last  consists  of  a brass  frame  furnished  with  tongues  and 
spnngs  projecting  forward  for  the  reception  of  the  slide  and 
also  with  a pair  of  knobs,  to  which  the  fingers  may  be  applied  in 
givmg  motion  to  it ; whilst  the  frame  encloses  a piece  of  plate- 
glass  a little  thicker  than  itself.  Thus  the  under  surface  the 
glass-plate  of  the  Object-carrier  slides  over  the  upper  surface  of 
the  circular  glass  stage-plate ; being  held  down  upon  it  and  retained 
in  any  position  by  the  pressure  of  the  ivory  knobs.  The  advantages 
ot  this  an-angement  he  (1)  in  the  perfect  facihty  with  which  the 
Ob]ect-carner  may  be  moved,  and  the  steadiness  with  which  it 
keeps  its  place  when  not  unduly  weighted;  (2)  in  the  facihty  with 
winch  it  can  be  readjusted,  in  case  the  movement  should  become 
lending  down  the  V springs ; and  (3)  by  the  absence 
of  liability  to  derangement  by  rust-a  point  of  great  importance 
when  work  is  bemg  done  with  sea-water  or  chemicals  The  front 
portion  of  the  rotatmg  plate  bears  a small  projecting  piece  on 
either  side,  into  which  may  be  screwed  a pin  that  carries  a slidino-. 
spnng ; tins  arr^gement  is  suited  for  securing  a Zoophyte-trough 
or  other  piece  of  apparatus  not  suitable  to  being  received  bv  the 
ob]ect-carnei%  which  can  be  easily  shpped  away  from  beneath  the 
ivory  knobs,  thus  leaving  the  stage  free.  To  the  under  side  of  the 
stage  IS  firmly  pivoted  a broad  bar,  into  which  is  screwed  a short 
sprmig  tube,  that  becomes  exactly  concentric  with  the  optic  axis  of 
t le  instrumenf,  when  the  bar  (which  is  shown  turned  away  in  the 
figure)  IS  pushed  beneath  the  stage  until  checked  by  a firm  stop  • 
2°“"Posed  of  two  pieces,  held  together  by  a piii’ 
of  screws  workmg  through  slots,  the  centering  of  the  tube  may  be 
precisely  readjusted  if  it  should  at  any  time  become  faulty.  Into- 
^is  tube  may  be  inserted  another  that  carries  either  (1)  a 
Diaphragm,  sliding  with  caps  of  different  apertures ; (2)  a Polar- 

be  eftE'Sane^  Ground-glass  for  diffusing  the  hght,  which  may 
be  either  plane,  or  a plano-convex  lens  ground  on  its  flat  side  wliich 

Achromatic  Condenser ; and  (5)  a Glass 
k S cSot  pointing  downwd8,  and  a large  black  spot 
an  base  directed  towards  the  object,  which 

Hi  0++  ^ excellent  black  ground  illumination.  Lastly,  the  Mirror 
is  attached  to  a stem  which  is  so  jointed  as  to  enable  it  to  reflect 

St  oVScf'"*  obhquity.-To  tLse  who  wish  a complct  iLstm! 
lent  of  great  completeness  and  capability,  which  may  be  worked 
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Fig,  46. 


iidvautageously  even  with  high  powers,  the  Author  can  strongly 
recommend  this  Microscope.  The  Objectives  supphed  with  it  are 
of  great  excellence  and  very  moderate  cost,  and  are  quite  adequate 
for  aU  the  ordinai-y  purposes  of  scientific  investigation. 

62.  Broimiing' s Rotat-Uig  Microsoope. — The  ijecuHarity  of  this 
instrument  is  that,  as  in  many  of  the  Continental  models,  the 
object-platform  (b),  with  the  Hmb  carrying  the  body  above  it,  revolves 
together  ; whilst  the  lower  plate  of  the  stage  (c),  with  any  apparatus 
fitted  into  it,  as  likewise  the  mirror,  remains  fixed.  Thus  the 

object  is  enabled  to  receive  il- 
lumination in  every  azimuth, 
without  any  derangement 
either  in  its  centering,  or  in  its 
focal  adjustment.  The  body  is 
supported,  as  in  the  Jackson 
model,  upon  a hmb,  a,  which 
is  finnly  fixed  to  the  rotating 
plate  B of  the  stage.  In  the 
simplest  fonn  of  the  instru- 
ment, shown  in  the  figure,  the 
rotation  is  efiected  by  pressing 
a finger  on  the  projecting  pins 
attached  to  b ; but  if  required, 
B can  be  made  to  move  by  a 
pinion  and  toothed  wheel,  with 
graduated  scale  attached ; and 
a sub- stage  for  carrying  illumi- 
nating apparatus  can  be  fixed 
to  an  arm  below  c.  This  Mi- 
croscope is  further  character- 
ized by  the  sohdity  of  its  several 
parts,  and  the  care  taken  in 
its  construction  to  secure  it 
against  derangement  from  an 
accidental  strain.  It  is  parti- 
cularly adapted  to  the  use  of 
those  who  work  with  high 
powers  upon  objects  requiring 
the  varied  illumination  for 


Browning’s  Rotating  Microscope. 


which  this  rotating 
ment  gives  special  facilities. 
Tlois  instrument  (Plate  iii.)  was 


63.  Co'oiich^s  Shedent’s  Binocular. 
devised  at  a time  when  the  construction  of  the  Binocular  was  still 
almost  exclusively  confined  to  the  makers  of  First-class  instiraments ; 
and  it  had  the  great  merit  of  bringing  within  reach  of  the  Student  a 
eonvenient  and  Avell-constructed  Binocular,  at  a moderate  cost. 
With  the  improvements  it  has  since  received,  it  still  remains  one  of 
the  best  instruments  of  its  class  ; and  the  Author,  after  considerable 
use  of  it,  can  strongly  recommend  it  to  such  as  desire  to  possess  a 


PLATE  III 


UR 
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BAKER'S  STUDENT’S  ERECTING  BINOCULAR. 


Bmocular  at  once  cheap,  good,  and  portable.  Its  general  arrano-p. 
ment  is  shown  in  Plate  iii.,  but  a mechanical  stage  can  be  substi 

fbJf stage  and  objectdiolder  resTmWe 
those  of  MM.  Machet’s  Microscope  fPio-  45^  _Ati  /I 

to,  Paraboloid,  Polarizing  apparatus,  Ic.,  toe  aS  to  £ 
mstrament ; or  it  may  be  fitted  with  Mr.  Crouch 
Sub-stage  lUuminator,  which,  like  that  of  Mr.  Swift  (Pig  85)  com 

Erectmg  Binocular. -With  a special  view  to 
tte  wants  of  Students  in  vanous  departments  of  Bioloffv  Messr^i 
Baker  have  adapted  a Stephenson  Binocular  (§  35)  to  thf  stand  of 


Baker’s  Student’s  Erecting  Binocular. 


Iho  price  of  ibis  instru 
a best  1-inch  and  a 14th  of 
•3  £12  15s.  Od. 


with  one  pair  of  Eye-pieces,  two  Objectives 
and  a Condenser  for  opaque  objects,  in  Case, 
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their  Student’s  Microscope,  as  shown  in  Tig.  47 ; with  which  the 
stand  of  their  Laboratory  Dissecting  Microscope  (Fig.  35)  may  he 
so  combined  as  to  afford  the  requisite  support  to  the  hands,  when 
they  are  engaged  in  dissecting  (or  otherwise  manipulating)  objects 
on  the  stage  of  the  Binocular.  An  ordinary  Monocular  body  may 
be  readily  substituted  for  the  Binocular ; and  the  same  Eye-pieces 
and  Objectives  serve  for  both.  The  low  cost  at  which  this  instru- 
ment is  made,  will  doubtless  cause  many  to  possess  themselves  of 
it,  whose  pursuits  will  be  specially  facilitated  by  its  use.* 


Excellent  Students’  Microscopes  are  now  produced  by  many  other 
Makers  ; among  whom  Messrs.  Beck  should  he  particularly  rnentioned, 
as  having  led  the  way  in  supplying  low-priced  hut  really  seradceable  in- 
struments, such  as  could  at  that  time  only  he  obtained  on  the  Continent. 
Their  ‘ Economic  ’ Microscope  framed  on  the  Continental  model,  and 
furnished  with  good  Objectives  of  1 inch  and  l-4th  inch,  is  sold  for  5 
Cuiueas  ; and  other  Objectives  specially  constructed  for  it,  ranging  to 
the  l-16th  inch,  Avith  a complete  set  of  Accessories,  are  supplied  at  a 
very  moderate  cost.  The  same  Makers  supply  an  ‘ Economic  ’ Wenham 
Binocular,  having  two  pairs  of  Eye-pieces,  three  Objectives,  a glass  rotat- 
iuv  Stage,  and  a jointed  lengthening  arm  to  the  Mirror  (which  allows  it 
to”be  used  alovc  the  Stage  for  the  illumination  of  opaque  objects)  for  10 
(Guineas.— Mr.  Collins  also  supplies  a 10  guinea  Wenham  Binocular, 
with  Objectives  of  1 inch  and  l-4th  inch  (80°),  the  latter  being  specially 
adapted  for  use  with  the  Binocular,  by  a short  mount  which  brings  it 
close  to  the  Wenham  prism. — Mr.  Swift  makes  a ‘College’  Mioroscope, 
in  which  the  Stage  is  fitted  with  a revolving  diaphragm-plate  of  ingenious 
construetion,  that  brings  its  apertures  up  to  the  level  of  the  object-slide. 
Of  Mr.  Croueh’s  and  Messrs.  Parkes’s  Students’  Mieroscopes  also,  the 
Author  ean  speak  with  approval,  as  regards  both  the  mechanical  and  the 
optical  part  of  their  work. 

65.  Second-Class  Microscopes.— Under  this  head  may  be  ranked 
those  instruments  which  combine  first-rate  workmanship  with 
simplicity  in  the  plan  of  construction  ; and  which  may  be  conse- 
qxrently  designated  as  ‘ Superior  Students’  Microscopes.’  Amoujg 
these  the  first  place  should  be  given  to  Messrs.  Powell  and  Lealand’s 
Smaller  Microscope  (Fig. 48),  which  was  long  thefavonrite  instrument 
of  British  Histologists,  and  which,  though  not  adapted  for  objects 
requiring  very  oblique  light,  is  still  in  demand  among  those  who 
value  first-rate  workmanship,  with  all  convenient  appliances  for 
ordinary  Biological  research.  A Sub-stage  (not  shown  in  the 
figure)  carrying  every  kind  of  illuminating  apparatus,  can  be 
attached  beneath  the  stage ; and  the  large  angular  aperture  now ' 
o-iven  bv  Messrs.  Powell  and  Lealand  to  their  Immersion  Achro- 
matic  Condenser,  enables  this  instrument  to  resolve  the  most 
diflicult  test-objects.  The  stand  is  well  suited  to  carry  a Binocular 
body ; which  may  be  fitted  not  only  with  the  ordinary  stereoscopic 

* The  price  of  this  Binocular,  with  one  pair  of  Ej'e-pieces,  a dividing  Objec- 
tive of  1 inch  and  2 inches,  and  a l-4th  inch  of  70°,  in  Case,  is  10  guineas. 


POWELL  AND  LEALAND’S  SMALLEK  MIOEOSCOPE.  81 


‘ Wenham’  prism,  but  also  with  tlie  non- stereoscopic  arrangement 
of  these  Makers  (§  81),  which  enables  even  the  liighest  powers  to 
be  used  binocularly,  though  not  stereoscopically. 

66.  The  value  of  Stereoscopic  Binocular  vision  in  Scientific 
investigation  being  now  admitted  by  all  who  have  really  worked 
Trvith  it  siutahle  objects,  the  Author  would  earnestly  recom- 

mend every  one  about  to  provide  himself  with  even  a Second-class 
Microscope,  to  incur  the  small  expense  of  the  Binocular  addition. 
Tliis  addition,  however,  will  lose  an  important  element  of  its  vakxe. 

Fig.  48. 


if  the  Stage  of  the  instrument  be  not  adapted  to  rotate  in  the  optic 
axis  of  the  Body ; so  that  objects  which  are  being  viewed  by 
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incident  light  may  be  presented  to  the  illuminating  rays  in  every 
direction.  Among  the  first  to  recognize  this  principle,  and  to  apply 
it  in  practice,  were  Messrs.  Beck;  whose  Poj^ulnr  Microscope 
(Plate  IV.),  demised  by  the  late  Mr.  R.  Beck,  will  be  found  very 
suitable  to  the  ^vants  of  such  as  work  with  low  and  moderate  powers, 
upon  objects  for  the  study  of  wliich  Binocular  vision  is  peculiarly 
advantageous ; and  especially  serviceable  to  Travellers,  as  the  inge- 
nious way  in  which  it  is  framed  and  supported  enables  it  to  bear  a 
good  deal  of  rough  usage  without  injury.  The  original  Ross  model 
here  adopted  in  the  suppoii;  and  movement  of  the  body,  is 
sufficiently  steady  when  only  moderate  powers  are  employed  ; and 
the  stem  that  forms  the  centre  of  the  whole,  is  swmng  immediately 
behind  the  stage  on  a broad  stay  G,  which,  a^ain,  is  attached  by  a 
pair  of  centres  at  its  lower  angles  to  the  triangular  base  F.  The 
lower  end  n of  the  stem  carries  a stout  projecting  pin,  which  fits 
into  various  holes  along  the  median  line  of  the  base  ; whereby  the 
instrument  may  be  firmly  steadied  in  positions  more  or  less  inclined, 
or  may  be  fixed  upright.  It  may  be  also  fixed  in  the  hoiizontal 
position  required  for  drawing  with  the  Camera  Lucida ; for  the  pin 
at  the  bottom  of  the  stem  then  enters  the  hole  at  the  top  of  the  stud 

K,  and  the  stay  G falls  fiat  down,  resting  on  the  top  of  the  stout  pin 

L.  The  advantages  of  this  construction  are  that  it  is  strong,  firm, 
and  yet  light ; that  the  instrument  rests  securely  at  the  particular 
inclination  desired,  wliich  is  often  not  the  case  on  the  ordinaiy 
construction  when  the  joint  has  worked  loose ; and  that  in  every 
position  there  is  the  needful  preponderance  of  balance.  The  Stage 
D is  circular,  and  upon  it  fits  a circular  plate  t,  which  rotates  in  the 
optic  axis  of  the  Microscope.  On  the  plate  t there  slides  the  Object- 
holder  IJ,  which  is  so  attached  to  it  by  a wire  spring  that  bears 
ao-ainst  its  under  surface,  as  to  be  easily  moved  by  either  or  botli 
hands;  and  as  access  can  be  readily  gained  to  this  spring  by 
detaching  the  plate  t from  the  stage,  it  may  either  be  removed 
altoo'ether  so  as  to  leave  the  stage  free,  or  may  be  adjusted  to  any 
degree  of  stiffness  desired  ly  the  observer.  The  object-holder  has 
a ledo-e  v for  the  support  of  the  slide  ; and  it  is  also  provided  with 
a small  spring  av,  attached  to  it  by  a milled-head,  by  turning  which 
the  spring  may  be  brought  to  bear  with  any  required  pressure 
against  the  edge  of  the  slide  laid  upon  the  object-holder,  so  as  to 
prevent  it  from  shifting  its  place  when  rotation  is  given  to  the 
stao-e  or  when,  the  instrument  being  placed  in  the  horizontal  "* 
iiosition,  the  stage  becomes  vertical.  The  central  tube  of  the  Stage 
18  furnished  Avith  a rotating  Diaphragin-plate,  and  is  adapted  to 
receive  various  other  fittings ; and  a Side-Condenser  on  a separate 


stand  is  also  supplied.*  x i 

67.  Collins's  Harley  Binocular.— This  instrument,  as  ropresente«l 
in  Fig.  49,  is  substantially  framed  and  avcU  hung  on  the  Ross 

• The  price  of  this  instmnioiit,  with  two  iviirs  of  Eye-piews,  thrco  Ubjoi- 
tivcs  (a  2-inch  of  10°,  a 1-inch  of  22°,  and  a l-4th  of  .0°),  and  Side-Loudcnstr 
on  stand,  in  Case,  is  £16  10s. 


PLATE  IV. 


Beck’s  Popclae  Michoscope 
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model ; but  is  now  made  also  on  the  Jackson  model  at  the  same 
® Eye-pieces  are  provided  with  shades,  which 

•cut  oti  the  outside  hghts  from  each  eye ; these  can  be  adapted  to 
any  instrument,  and  the  Author  can  speak  strongly  of  their  value  from 
his  own  experience.  _ The  Wenham  prism  at  the  common  base  of 
the  tidies  is  htted  into  an  oblong  box,  which  slides  through  the 
arm  that  carries  them  ; tliis  contains,  in  addition,  a Mcol  analyzing 


Collins’s  Harley  Binocular. 


Fig.  49, 


lerdv  sraio-  tl,T«  to  f a vacant  aperture;  no  that,  by 
w aSs  thetLt™?  * transversely  unU  its  aperture  comes  into 
le  aias,  the  instrument  may  be  used  as  an  ordinary  Monocular  • 

hilst  the  polarizing  pnsm  beneath  the  stage  is  brought  into 
osition  by  lotatmg  the  Diaphragm-plate  in  which  it  is  fixed,  it  is 
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at  once  converted  into  a Polarizing  Microscope— with  the  disadvan- 
tage, however,  of  not  being  then  Binocular.  It  has  also  a 
piece  ’ carrying  two  Objectives,  by  a sliding  movement  o w ic 
one  power  may  be  substituted  for  the  other.*  , ^ i 

68.  Swift’s  Ghallencje  Microscope.— The  instiuunent  constructed 
under  this  designation  by  Messrs.  Swift,  is  one  of  which  it  may  be 
fairly  said  that  it  is  surpassed  by  no  other  of  its  pnce  m the  exceh 
lenceof  its  workmanship,  and  its  suitability^  to  the  general  wants  of 
the  Microscopist.  The  support  on  which  it  is  hung  is  extremely  farm 

Fig.  f>0. 


Swift's  Challenge  Microscope. 
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-two  uprights,  the  instrument  is  still  well  balanced.  The  rack  and 
.pinion  movement  is  made  with  oblique  teeth  ; a construction  which 
tayoiirs  smoothness  and  sensitiveness  in  the  adjustment,  so  that  a 
l-4tB  mch  Ubiective  may  be  focussed  by  it  alone.  The  fine  adjust- 
ment IS  made  by  the  milled-head  at  the  lower  end  of  the  body. — It 
IS  a pecuharity  in  this  instrament,  which  especially  fits  it  for  those 
who  work  much  with  Polarized  light,  that  the  analyzing  prism  is 

above  the  Wenham  prism,  in  such  a manner 
that,  when  its  fitting  is  drawn  out  (without  being  removed),  it  is 
comjiletely  out  of  the  way  of  the  light- rays ; whilst,  when  the  use  of  the 
Polariscope  is  required,  the  prism  can  be  at  once  pushed-  into  the 
body,  working  in  conjunction  with  the  Wenham  prism.  This  mode 
of  mounting  the  analyzer  is  found  to  interfere  much  less  with  the 
defanition  of  the  objective,  than  the  insertion  of  it  between  the  objec- 
tive and  the  Wenham  pnsm.  The  Stage  rotates  in  the  optic  axis  ; 
and  inay  either  bear  (as  in  the  figure)  a sliding  object-carrier,  or  may 
le  furnished  with  mechanical  actions.  The  mirror  is  attached  to  the 
stem  by  a crank-arm,  allowing  it  to  be  so  placed  as  to  reflect  liffht 
of  considerable  obhquity._  Beneath  the  Stage  is  a broad  horizontal 

IS  very  exactly  fitted  a firm  (sprung) 
shde  that  carries  a Sub-stage  tor  illuminating  apparatus,  fitted  with 
a vertical  rack  movement,  and  with  horizontal  centering  screws  • 
k^sanungement  (devised  by  Mr.  Swift)  enables  the  sut stage  to 
be  placed  in  position  or  removed,  without  disturbing  either  the 
TT''  extremely  ingenious  Universal  Sub-stage 
nnd  Achromatic  Condenser,  Black-ground  Illuminator, 

varied  adaptations— devised  by  Mr.  Swift  for 
tbs  iBcroscope,  but  capable  of  being  applied  to  any  other,  will  be 

umnT  had  his  instni- 

iuSfiPfUr  in  constant  use  for  several  years  past,  feels 

• p . ^■^^^fei’vedly  expressing  his  lugh  appreciation  of  it.* 
y.  Biovminrjs  Smaller  Stephenson  Binocular. — This  instru- 

substantial  build  than  the 
tiSShLl  Messrs.  Baker  (§  64) ; and  is  fm-ther  dis- 

special  adaptation  for  use  with  Polarized  fight, 
the  reflecting  pnsm  at  the  junction  of  the  inclined 

a WontaHy®?  sfivered  on  one  face,  is  hung  on 

turned  barns'"  the  polarizing  angle;  its  silvered  face  being 
ined  in  front  when  it  is  used  for  ordinary  purposes,  so  as  to 

of  Eye-pieMs°an^^^^  m the  simple  fom  here  figured,  with  oue  pair 

leus  on  separate  stand  in  P ^ Objectives,  and  Condensing 

ndditionKml  the  snhU  mechanical  stage  costs  £2  10. 

‘swinSsXsS-l^^^^^^^^  (without  fittings)  £2  2.._A%cry  ingenious 
Microsc  Soc!”  wFiii  % by  Mr.  Swift  (“  Joium.  ot  Eoy. 

of  oblifjuitv  oven  hv  twn  ’ obtaining  illumination  of  any  degree 

an  ^rc!  SV?s  in  Condenser  is  made  to  slidfon 


86 


CONSTRUCTION  OF  THE  MICROSCOPE, 


Browning’s  Smaller  Stephenson  Binocular. 

analyzer,  itis  turned  on  its  axis  by  means  of  a niilled-bead  so  as  to  bring 
tbe  dark-glass  surface  to  tlie  front.  Further,  by  fixing  into  the  arin 
the  tube  which  carries  the  objective,  with  its  fine  adjustment,  and 
by  making  that  which  contains  the  dividing  prisms  and  mirror, 
and  which  also  carries  the  double  body,  slide  over  it,  the  latter  can 


reflect  into  the  two  inclined  bodies,  the  light-rays  which  proceed  to 
it  from  the  pair  of  dividing  prisms  ; whilst,  when  it  is  to  act  as  an 
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either  be  turned  half  round,  so  as  to  point  the  eye-pieces  in  the 
reverse  direction  (for  the  exhibition  of  the  object  to  an  observer 
sitting  at  the  opposite  side  of  a small  table)  without  any  disturbance 
of  the  adjustments ; or  it  can  be  lifted  off  altogether,  and  replaced 
by  an  ordinary  Monocular  body.* 

riRST-CIiASS  MICROSCOPES. 

70.  We  now  pass  to  an  entirely  different  class  of  Instruments — 
those  of  which  the  aim  is,  not  simplicity,  but  perfection  ; not  the 
production  of  the  best  effect  compatible  with  limited  means,  but 
the  attainment  of  everything  that  the  Microscope  can  accomplish, 
without  regard  to  cost  or  complexity.  To  such,  of  course,  the 
Stereoscopic  Binocular  is  an  indispensable  addition  ; and  it  is  not 
less  essential  that  the  Stage  should  have  a rotatory  movement  in  the 
Optic  axis  of  the  instrument ; — not  only  for  the  due  examination  of 
opaque  objects,  as  already  mentioned  (§  66),  but  also  because  this 
movement  is  requisite  for  the  effective  examination  of  very  delicate 
transparent  objects  by  Oblique  light,  allowing  the  effect  of  light 
and  shadow  to  be  seen  in  every  direction  ; and,  in  addition,  because 
in  the  examination  of  objects  under  Polarized  light,  a class  of 
appearances  is  produced  by  the  rotation  of  the  object  between  the 
prisms,  which  is  not  developed  by  the  rotation  of  either  of  the  prisms 
themselves. 

71.  Ross’s  First-class  Microscope, — As  what  is  known  as  the  Ross 
model  is  still  made,  being  preferred  by  some  purchasers,  we  shall 
coiMience  with  a notice  of  the  original  form  of  the  instrument 
which  has  gained  so  high  a celebrity. — The  general  plan  of  this 
Microscojie,  as  shown  in  Fig.  52,  is  canned  out  with  the  greatest 
attention  to  solidity  of  construction,  in  those  parts  especially  which 
are_  most  hable  to  tremor,  as  also  to  the  due  balancing  of  the  weight 
of  its  different  parts  upon  the  horizontal  axis.  Any  inclination 
may  be  given  to  it ; and  it  may  be  fixed  in  any  jiosition  by  a clamp- 
ing  screw,  turned  by  a short  lever  on  the  right-hand  upright.  The 

fine  ^ adjustment  is  effected  by  the  milled-head  on  the  transverse 
ann  ]ust  behind  the  base  of  the  ‘ body  ; ’ this  acts  upon  the  ‘ nose  ’ 
or  tube  projecting  below  the  arm,  wherein  the  objectives  are  screwed, 
ihe  other  milled-head,  seen  at  the  summit  of  the  stem,  serves  to 
secure  the  transverse  arm  to  this,  and  may  be  tightened  or  slackened 
at  pleasure,  so  as  to  regulate  the  traversing  movement  of  the  arm ; 

IS  movement  is  only  allowed  to  take  place  in  one  direction,  namely, 
oward.3  the  right  side,  being  checked  in  the  opposite  by  a ‘ stop,’ 
w ich  secures  the  coincidence  of  the  axis  of  the  principal  ‘body’  with 
le  centre  of  the  stage,  and  with  the  axis  of  the  illuminating 
apparatus  beneath  it.  The  object-platform,  to  which  rectangular 
raversmg  motions  are  given  by  the  two  milled-heads  at  the  right 
o trie  stage,  is  also  made  to  rotate  in  the  optic  axis  by  a milled- 

nf  1 V**'’  jnstniment,  with  ono  pair  of  Eye-pieces  aud  Objectives 

afldefr?  ° Irfth  inch  (75°),  is  .£20.  Any  Accessories  can  readily  bo 
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liead  placed  undemeatli  tlie  stage  on  tlie  left-hand  side  ; this  tunas 
a pinion  which  works  against  a circular  rack,  whereby  the  whole 
apparatus  above  is  canned  rooind  about  two-thirds  of  a revolution, 
Avithont  in  the  least  disturbing  the  place  of  the  object,  or  rernoving 
it  fi'om  the  field  of  the  Microscope.  The  graduation  of  the  circular 
rack,  moreovei',  enables  it  to  be  used  as  a Cioniometer  (§  92).  Below 

Fig.  52. 


Ross’s  First-class  Microscope. 

the  stage,  and  in  front  of  the  stem  that  carries  the  mirror,  is  a 
dovetail  sliding-bar,  Avhich  is  moved  up  and  down  by  the  millw- 
head  shoivn  at  its  side ; this  sliding-bar  carries  what  is  tenned  by 
Mr  Boss  the  ‘Secondary  stage’  (shown  separately  at  b),  Avlncli 
consists  of  a tube  for  the  reception  of  the  Achromatic  Condenser, 
Polarizing  prisms,  and  other  fittings.  To  this  secondary  stage  a 
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traversing  movement  of  limited  extent  is  given  by  means  of  two 
screws,  one  on  the  front  and  tlie  other  on  the  left-hand  side  of  the 
frame  which  carries  it,  in  order  that  its  axis  may  he  brought  into 
l^erfect  coincidence  with  the  axis  of  the  body ; and  a rotatory 
movement  also  is  given  to  it  by  the  turning  of  a milled-head, 
Avhich  is  occasionally  useful,  and  the  exact  amount  of  which  is 
measured  by  a graduated  circle. — The  special  advantages  of  this 
instrument  consist  in  its  general  steadiness,  in  the  admirable  finish 
of  its  workmanship,  and  in  the  variety  of  movements  which  may 
be  given  both  to  the  object  and  to  the  fittings  of  the  secondary  or 
sub-stage.  Its  disadvantages  consist  in  the  want  of  portability 
that  necessarily  arises  from  the  substantial  mode  of  its  construction ; 
and  in  the  liability  to  tremor  in  the  image,  when  the  highest  powers 
are  used,  through  the  want  of  support  to  the  body  along  its  length 
(§  49). — This  last  consideration  has  induced  Messrs.  Ross  to  adopt 
the  ‘ Jackson-model  ’ in  their  more  recent  Microscopes  ; the  newest 
and  most  complete  form  of  which  will  be  next  described. 

72.  Ross’s  Improved  Jackson-Zentmayer  Microscope. — In  this 
admirable  instrument  (Plate  v.)  the  Jackson-model  is  followed  as  to 
general  construction,  whilst  it  is  improved-on  in  various  important 
jiarticulars.  The  ‘ Hmb  ’ that  supports  the  principal  body  with  the 
usual  rack-and-pinion  shde  for  coarse  adjustment,  carries  also  a 
second  (or  focussing)  slide  at  the  back  of  the  first,  to  which  a slow 
up-and-down  movement  is  given  by  a lever  passing  through  a 
channel  in  the  limb,  which  is  acted-on  by  a micronometer-screw 
^ large  milled-head  placed  in  a very  accessible  position, 
ims  arrangement  renders  the  fine  adjustment  quite  free  from 

time,’  whilst  permitting  it  to  work  ivith 
sufficient  freedom ; and  has  the  advantage  of  not  affecting  the 
magm^ng  power  hj  altering  the  length  of  the  body.  Further,  if 
a divided  scale  (with  a vernier)  be  engraved  on  the  edge  of  the 
limb,  the  thickness  of  any  uncovered  object  lying  on  the  stage  can 
be  measured  with  great  exactness.  The  rotating  stage-plate 
(giaduated  at  its  edge  to  serve  as  a Goniometer),  is  supported  upon 
a hrm  nng  composed  of  metal  of  peculiar  inflexibility  ; and  to  this 
1 can  be  secured  in  any  azimuth  by  a clamping-screw  beneath. 

8 single  traversing  platform  is  moved  in  rectangular  directions 
y two  milled-heads  placed^  on  the  same  axis,  that  work  a com- 
screw^  and  pinion  (devised  by  the  ingenuity  of  Mr. 

cnliam),  which  is  placed  above  instead  of  beneath  it;  and  in  this 

oblique  light  (it  is  affirmed)  can  be  brought  to  bear 
+ ower  surface  of  the  object,  than  in  any  other  mechanical 
Ii’ttiK  7® , The  stage-ring  is  not  immovably  fixed  to  the 
+nlm’io  ^ ^^J^poed  to  a conical  stem,  which  passes  through  the 
swinging  ‘ tail-piece  ’ to  be  presently  described, 
rmf  instrument  by  a strong  screw  and 

•inv  1 1 tne  stage  may  be  made  to  incline  towards  either  side  at 

..  ^ view  may  be  gained  of  the  sides  and  edges  of 

a solid  object,  as  well  as  of  its  front ; or  it  may  be  removed  alto- 
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gether,  and  replaced  by  any  other  foiTn  of  object- support  more 
suitable  to  the  special  requirements  of  the  individual  Microscopist. 
— The  most  important  novelty,  however,  consists  in  the  adoption 
of  the  (patented)  Zentmayer  method  of  giving  to  the  entire  illu- 
minating apparatus  any  desired  degree  of  obhquity.  The  ‘ idea  ’ is 
by  no  means  new  ; and  it  was  carried-out  many  years  ago  by  the 
late  Mr.  Grubb  of  Dubhn,  who  fixed  beneath  the  stage  a sector  or 
arc-piece  of  nearly  a semi-circle  having  its  centre  in  the  object,  upon 
wliich  the  attachments  of  the  mirror  and  condenser  were  made  to 
slide.  But  the  arrangement  devised  by  Mr.  Zentmayer,  is  not  only 
far  simpler,  but  also  more  effective.  It  consists  in  swinging  the 
‘ tad-piece’  which  carries  the  mirror  and  the  secondary  or  sub-stage, 
upon  a pivot  placed  at  the  back  of  the  stage,  the  horizontal  axis  of 
which  is  in  a line  with  the  point  of  intersection  of  the  optic  axis 
of  the  body  with  the  plane  of  the  object  on  the  stage  ; so  that  the 
axis  of  the  condenser  shall  always  pass  through  that  point,  what- 
ever may  be  its  inchnation  to  the  perpendicular.  By  means  of  this 
arrangement,  every  kind  of  illuminating  apparatus  adapted  to  the 
sub-stage  can  be  made  to  act  at  any  obliquity  whatever ; and  as 
the  tail-piece  may  be  swung  round  on  the  side  opposite  to  that  of 
the  milled-heads  of  the  traversing  stage,  until  it  is  brought  con- 
siderably above  the  stage,  obhque  illumination  may  be  thrown  by 
the  condenser,  not  only  on  the  under  but  also  on  the  upper  surface 
of  any  object.  It  is  one  great  advantage  of  this  method,  that  con- 
densers of  large  angle  of  ajperture  are  not  required  for  the  purpose 
of  oblique  illumination ; the  converging  pencils  given  by  ordinary 
Objectives  of  1 inch  or  inch  focus,  used  as  condensers,  being  fully 
adequate.  Further,  the  swinging  tail-piece  may  be  used  to  measure 
the  angular  aperture  of  Objectives  in  the  manner  to  be  hereafter 
described ; its  inclination  to  the  oj)tic  axis  being  marked  by  a 
divided  arc  on  its  upper  segment,  which  also  enables  the  illumi- 
nating angle  at  which  any  particular  object  is  best  seen  to  be  ob- 
served and  recorded. — Altogether,  itmay  be  unhesitatingly  affirmed, 
that  the  Zentmayer  system  enables  the  best  results  of  oblique 
illumination  to  be  obtained  with  greater  facihty  than  any  other  of 
equal  effectiveness ; while  the  simplicity  of  the  constmction  of  the 
whole  instrument  enables  Messrs.  Boss  to  reduce  its  cost  conside- 
rably below  that  of  the  old  Ross  or  Ross- Jackson  models. 

73.  Powell  and  Lealand’s  large  Microscope. — These  eminent 
Makers  have  not  made  any  essential  modification  in  the  construc- 
tion of  their  large  Microscope,  represented  in  Plate  vir. ; preferring 
to  furnish  the  very  oblique  illumination  now  in  general  demand  by 
enlarging  the  angular  aperture  of  their  Achromatic  Condenser 
(§  99).  The  chief  peculiarity  of  their  model  consists  in  the  attach- 
ment both  of  the  Stage  and  Sub-stage  to  a large  solid  brass  ring, 
which  is  finnly  secured  to  the  stem  of  the  instrument.  The  upper 
side  of  this  ring  bears  a sort  of  carriage  that  supports  the  st^e  : 
and  to  this  carriage  a rotatory  movement  around  the  optic  axis  ol 
the  principal  body  is  given  by  a milled-head,  the  amount  of  this 
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movement  (winch  may  be  carried  through  an  entire  revolution) 
being  exactly  measured  by  a graduated  circle.  The  stage,  which  is 
turmshed  wth  the  usual  traversing  movements,  worked  by  two 
milled-heads  on  the  same  axis,  is  made  tliin  enough  to  admit  of  the 

^ ^?ans  of  its  extending  arm,  as  to  reflect 

hoht  on  the  object  from  outside  the  large  brass  ring  that  supports 
the  stage  and  sub-stage.  Light  of  the  greatest  obliquity,  however 

may  be  more  conveniently  obtained  by  an  Amici’s  prism  (S  102) 

placed  above  the  supporimg  ring.  The  sub-stage  is  furnished  with 
1 otatoiy  and  rectangular,  as  well  as  with  vertical  movements.  The 
instrument  is  so  well  balanced  on  its  horizontal  axis,  that  it  remains 
plaSd  ^ steady  without  clamping,  in  whatever  position  it  may  be 

74.  Beds’s  First-class  Mcroscope.—lt  was  by  this  Firm  that  the 
model  was  first  adopted,  for  which  the  Author  has  already 

thfrl^n  ■tlie  steadiness  imparted  to 

crrLf^  support  given  to  it  by  the  limb  along  the 

it  IS  an  additional  advantage  of  this 
sPf  by  continumg  the  limb  beneath  the  stage,  the 

Sub-stage  (which  carries  the  iUuminating  ap, 

1 atus)  -IS  made  to  work  in  a dovetailed  groove  that  is  ploughed- 

principal  body 

sMes,  an  arrangement  obviously  favourable  to  exactness  of  centering. 

complete  rotation  in  the  optic  axis  of  the 

steo-e i ""  mflled-head  beneath  the 

^ attached  to  which  can  be  readily  thrown  out  of 

Ld  irbear?  stage  by  hand  is  desired  ; 

o?Leler  margm  for  the  measurement 

an  iri!  ^me  Jately  beneath  the  object-platform  with 

an  ms-cliaphragm,  worked  by  a lever  action. 

demandTnr  Firsi-cZass  dffcroscope.— In  order  to  meet  the 

vet  more  Supply  this  in  a mode 

SLted  tn^fb?  ^ system,  Messrs.  Beck  have 

by  Si  ai-m  a swinging  sub-stage,  carried 

tie  limb  onS^P^?^®  radially  upon  a large  vertical  disk  attached  to 
circle  beWpSlfl''';  onginally  suggested  by  Mr.  Grubb;  his  semi- 
to  allow  thp  p however,  into  a nearly  complete  circle,  so  as 

ro^d  I tb.™  sub-stage  and  mirror  to  be  brought 

objects  The  ^P  stage,  for  the  illumination  of  opaque 

which  differentiSr^  constimction,  hoSevSr, 

provision  for  adinq+i^  ^ other  yet  devised,  consists  in  a 

ness  of  the  glaS  sblpF  'tbe  thick- 

effected  by  j This  is 

cally  in  dovetaif  ^dial  arm,  slide  verti- 

to  it,  at  whatever  iP^^piiiating  apparatus  attached 

raised  or  lowered  (bv^^^e^^  obliquity_  it  may  be  placed,  being 
instrument,  so  L to^e^nb?  optical  axis  of  the 

focussed  in  tbp  ^ illuminating  cone  to  be  exactly 

cussea  in  the  object  itself-which  on  the  Zentmayer  model,  caii 
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only  be  done  with  precision  when  the  ujiper  surface  of  the  slide  is 
•oxactly  in  the  plane  of  the  horizontal  axis  of  the  swinging  ‘ tail- 
piece.’—The  Stage  also,  in  this  elaborate  instrument,  is  so  attached 
to  the  limb  by  a finn  pivot,  as  to  be  capable  not  only  of  being  in- 
clined towards  either  side  at  any  angle,  but  also  of  being  turned 
completely  over,  so  as  to  allow  the  object  to  be  viewed  from  its 
under  side — a provision  to  which  the  Author’s  experience  makes 
him  attach  a special  value. 

First-class  Binocular  Microscope-Stands,  copied  (more  or  less  closely)  • 
from  either  the  Ross  or  the  Jackson  models,  are  also  made  by  Messrs. 
Baker,  Collins,  Crouch,  Pillischcr,  and  Swift,  as  well  as  by  other  makem 
of  whose  work  the  Author  has  no  personal  knowledge. — That  of 
Mr.  Crouch  is  distinguished  by  a provision  for  meeting  the  difficult}" 
which  is  continually  experienced,  of  keeping  the  image  in  place  during 
the  rotation  of  the  stage,  especially  with  high  powers  ; the  adjustment 
which  suits  one  Objective,  not  being  good  for  another  somewhat  dif- 
ferently centred.  This  defect  presents  itself  still  more  frequently 
when  a ‘ nose-piece’  is  in  use ; its  centering  being  rarely  so  exact  as  to 
be  free  from  an  error  that  makes  itself  very  perceptible  when  a high 
power  is  exchanged  for  a low  one.  By  means  of  two  diagonal  screws 
beneath  the  stage,  w"orked  by  two  milled-heads  at  its  hinder  margin, 
Mr.  Crouch  affords  a ready  means  by  which  the  observer  can  adapt  the 
centering  of  his  stage  to  any  objective  he  may  have  in  use. — Mr.  Brown- 
ing also  constructs  a First-class  Stand  for  his  Stephenson  Binocular. 

MICKOSCOTES  EOll  SPECIAL  PURPOSES. 

Of  the  large  number  of  Instruments  which  have  been  ingeniously 
Hevised,  each  for  some  particular  use,  it  would  be  quite  foi*eign  to 
the  purpose  of  this  Treatise  to  attempt  to  give  an  account.  A 
few  forms,  however,  may  be  noticed,  as  distinguished  either  by 
their  sjiecial  adaptiveness  to  veiy  common  wants,  or  by  the  inge- 
nious manner  in  which  the  requirements  of  paidicular  classes  of 
investigators  have  been  met. 

76.  I)r.  Beale’s  Poclcet  Microsco'pe. — This  instimment  consists  of 
nn  ordinary  Microscope-body,  the  Eye-piece  of  which  is  fitted  with 
a draw-tube  that  slides  smoothly  and  easily;  whilst  its  lower 
end  is  fitted  into  an  outer  tube,  of  wliich  the  end  projects  beyond 
the  objective.  Against  this  jprojecting  end  the  object-shde  is  held 
by  a spring,  as  shown  in  Fig.  53,  being  fixed  (if  necessary)  by  a 
screw-clip.  The  coarse  adjustment  is  made  bjr  .sliding  the  body 
through  the  outer  tube  wliich  carries  the  object;  and  the  fine 
adjustment  by  sliding  the  eye-tube  in  or  out.  The  object,  if  trans- 
parent, is  illuminated  cither  by  holding  up  the  Microscope  to  a 
window  or  lamp,  from  which  the  rays  may  pass  directly  through  it, 
or  by  directing  it  towards  a mirror  laid  on  the  table  at  sucli  an 
angle  as  to  reflect  h^ht  from  either  of  these  sources : if  opaque, 
it  IS  allowed  to  receive  direct  light  through  an  aperture  in  the 
•outer  tube.  The  extreme  simplicity  and  portability  of  this  instru- 
ment (Avhich  when  closed  is  only  .six  inches  long)  constitutes  its 
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special  recommendation.  With  due  care  even  high  powers  may 
be  used,  the  eye-piece  adjustment  giving  the  power  of  very  exact 
locussmg.  Hence  this  Pocket  Microscope  may  be  conveniently 
apijed  to  the  purposes  of  CHnical  observation  (the  examination 
of  Hnnary  Deposits  Blood,  Sputa,  &c.),  either  in  hospital  or  in- 
private  practice ; whilst  it  may  also  be  advantageously  used  by  the 
field  JNaturahst  in  examining  specimens  of  Water  for  Animalcules 
Protophytes,  &c.  ’ 

n.  Br.  Be(^e's  Bemonstmtincj  Microscope. — The  same  instrument 
may  be  used  for  the  purposes  of  Class-demonstration,  by  attaching 
its  outer  tube  on  a wooden  support  to  a horizontal  board,  which 
small  lamp  attached  to  it  in  the  required  position 
(fig.  p).  The  object  having  been  fixed  in  its  place,  and  the  coarse 
adjustment  made  by  shding  the  body  in  the  outer  tube,  these 
parts  may  then  be  immovably  secured,  nothing  being  left  movable 
except  the  eye-tabe.  by  shding  which  in  or  out  the  fine  adjustment 
may  be  efPected.  Thus  the  whole  apparatus  may  be  passed  from 
hand  to  hand  with  the  greatest  facihty,  and  without  any  probability 
of  thsan-angement ; ^d  every  observer  may  readily  ‘ focus  ’ for  him- 
self,  without  any  nsk  of  injuring  the  object.* 


Dr.  Beale’s  Demonstrating  Microscope. 

Travelling  Microscope.— An  instrument  has  been 
/rthp inferior  in  portabihty 

over  it  f advantages 

stem  iimf  (Fig.  64)  slides  in  a tube  which  is  attached  to  a 

stem  iSf  pT®  lo^er  end  a small  Stage  and  Mirror.  The- 
head  at  i+H  ^ adjustment  that  is  worked  by  a miUed- 

pair  of  1p£t«  attached  by  pivot- joint  a 

trinod  the  stem  a firm 

sliding  coarse  adjustment  having  been  made  by 

Sliding  the  body  through  the  tube  which  grasps  itTthe  fine  adjust- 

withouro’SivM^fs?^^^^  Microscope,  as  made  by  Mr.  CoUins, 

Demonstrating  Microsconc^ls  mstrumeut  iitted  up  as  a. 

and  DemonstrjitinTi  Mi  — Mr.  Collins  also  makes  another  Class 

out  Ol!jSves  “ Microscope,  or  a pattern  of  Dr.  Lawson’s,  for  £3  10s.,  with- 
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nient  is  made  by  tbe  milled-head ; and  thus  even  high  powers  may 
be  very  conveniently  worked.  The  legs  being  tubular,  one  of  them 
is  made  to  hold  glass  dipping-tubes,  whilst  the  other  contains 
needles  set  in  handles,  with  three  short  legs  of  steel  wire,  by 
screwing  which  into  the  stem  and  stage,  the  Microscope  may  be 

Fig.  54. 


Baker’s  Travelling  Microscope. 

used  (though  not  without  risk  of  overturn)  in  the  vertical  position; 
This  instrument  may  be  specially  recommended  to  those  who, 
already  possessing  a superior  Microscope,  desire  neither  to  en- 
cumber themselves  with  it  whilst  travelling,  nor  to  expose  it  to 
the  risk  of  injury,  but  wish  to  utilize  its  Objectives  by  means  of 
a simple  and  portable  arrangement.* 

79.  Sivift's  PoHable  Bmocular—Caxrjmg  still  further  an  idea 
originally ,worked-out  by  Messrs.  Powell  and  Lealand,  Mr.  Swift  has 
devised  a very  complete  Portable  Binocular,  which  can  be  fol^d 
into  a vei*y  small  compass,  without  any  screwing  or  unscrewing, 
and  can  be  thus  set  up,  as  in  Fig.  55  a,  or  packed  away,  as  at 
Fig.  55  B,  with  great  facility,  when  once  the  manner  of  doing  so  has 
been  learned.  Its  construction  is  a marvel  of  ingenuity  ; wnile  its 
workmanship  is  so  excellent  that  its  joints  do  not  easily  become 

* Instruments  nearly  resembling  the  above  are  made  by  Messrs.  Muiray 
and  Heath,  Mr.  Browning,  and  Mr.  Swift. 
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loosened  by  wear,  and  can  all  be  readily  tightened  when  required. 
It  is  so  steady  as  to  bear  being  worked  (as  a Monocular)  with  even 

Fig.  00  a. 


Swift’s  Portable  Binocular,  as  set  up  for  use, 

high  powers ; but  its  great  advantage  consists  in  its  suitability  to  the 
1 raveller,  who  either  wishes  (as  often  happens  to  theAuthor)  to  dis- 
play to  scientific  friends  in  other  countries  a set  of  objects  that  can 
be  most  advantageously  seen  by  the  Binocular  under  low  powers,  or 
to  avail  himself  of  opportunities  of  examining'  on  the  spot  any  in- 
specimens  he  may  meet  with.  The  instrument  also  carries 
Mr.  frmifts  Combination  Sub-stage  (Fig.  85),  which  can  be  packed, 
together  with  three  Objectives,  Side  Condenser,  and  several  other 
Accessories,  into  a Case  only  11  inches  long,  6|  inches  wide,  and 
jq  inches  deep,  the  whole  weighing  only  7^  lbs. 

,80.  Nachefs  Chemical  Microscope. — The  inverted  Microscope 
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originally  constmcted  Py  MM.  Nacliet  on  the  plan  devised  by  Dr.  J . 
Lawrence  Smith,  of  Louisiana,  U.S.,  for  the  purpose  of  viewing 
objects  from  their  under  side  when  heat  or  re-agents  are  being 
applied  to  them,*  has  lately  been  improved  by  its  constructor  with 
a special  view  to  meeting  the  requirements  of  observers  engaged  in 
the  ‘ cultivation’  of  the  minute  organisms  which  act  as  ferments. 
The  general  arrangement  of  this  instrument  is  shown  in  Fig.  66. 
On  the  table  which  forms  its  base,  there  rests  a box  containing  a 

Fig.  55  u. 


Swift’s  Portable  Binocular,  as  packed  in  case. 

o-lass  mirror  silvered  on  its  upper  surface,  which  is  placed  at  s^h  an 
angle  as  to  reflect  the  light-rays  received  through  the  inverted  Ob]ec- 
tive  mounted  on  the  top  of  the  box,  into  the  body  flxed  into  its 
oblique  face.  Over  the  objective  is  placed  the  Stage,  above  ^ 
again  is  the  Mirror  for  reflecting  hght  downwards  through  the 
object  placed  upon  it.  The  focal  adjustment  is  made  in  the  hrst 
place  by  means  of  a sliding  tube  which  carries  the  objective,  and 
then  by  the  micrometer-screw  v,  which  raises  or  lowers  the  stage. 
The  platform  on  which  the  optical  apparatus  rests,  can  be  moved 
in  rectangular  directions  by  the  two  milled-heads  o,  T ; a,nd  is  fur- 
nished with  two  graduated  scales,  by  means  of  which  it  may 
brought  with  exactness  into  any  position  previously  recorded,  s 

• This  idea  was  suggested  at  nearly  the  same  time  by  Dr.  Leeson  ; 
carried  out  in  an  instrument  constructed  for  him  by  Messrs.  Smith  and  Beck. 


Nachet’s  Chemical  Microscope. 

stage  is  a circular  glass  cell,  c,  for  holding  the  fluid  to  be  examined  ; 
in  the  bottom  of  this  is  an  aperture,  which  is  closed  by  a piece  of 
thin  cover-glass  well_  cemented  round  its  edges,  thus  allowing  the 
use  of  high  magnif3dng  powers  having  a very  short  focus  ; while 
ite  top  is  ground  flat,  so  that  a cover  of  thin  plate-glass  may  be 
closely  fitted  to  it  by  the  intervention  of  a little  grease  or  glycerine ; 
the  whole  being  secured  in  its  place  by  three  small  uprights.  The 
cell  IS  furnished  also  with  two  small  glass  taps,  u,  ii,  with  which 
india-rubber  tubes  are  connected.  By  this  cell,  which  may  be  made 
bo  serve  as  a moist,  a warm,  and  a gas-chamber,  experiments  on 
jhe  rarefaction  and  compression  of  air,  and  on  the  absorption  of 
^ases,  can  be  made  with  great  facility.  For  ‘ cultivation’  experi- 
nents,  smaller  cells  are  provided,  which  are  attached  to  brass- 

n 
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that  any  point  of  the  object  may  be  immediately  re-found — an 
arrangement  of  special  value  in  cultivation-experiments.  'On  the 

Fig.  50. 
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plates  so  arranged  as  to  have  always  a fixed  position  on  the 
stage.* 

81.  Non-Stereoscopic  Binoculars— The  gi-eat  comfort  which  is 
experienced  by  the  Microscopist  from  the  conjoint  use  of  both  eyes, 
has  led  to  the  invention  of  more  than  one  arrangement  by  wmch 
this  comfort  can  be  secured,  when  those  high  powers  are  required 
which  cannot  be  employed  with  the  ordinary  Stereoscopic  Bino- 
cular. This  is  accomplished  by  Messrs.  Powell  and  Lealand  by 
f.ninng  advantage  of  the  fact  already  adverted  to 
(§  1),  that  when  a pencil  of  rays  falls  obliquely 
upon  the  surface  of  a refracting  medium,  a part 
of  it  is  reflected  without  entering  that  medium  at 
all.  In  the  place  usually  occupiedby  the  W enham 
prism,  they  interpose  an  inclined  plate  of  glass 
with  parallel  sides,  through  which  one  portion  of 
the  rays  proceeding  upwards  from  the  whole 
aperture  of  the  Objective  passes  into  the  prin- 
cipal  body  with  very  Httle  change  in  its  course, 
whilst  another  portion  is  reflected  from  its  sur- 
face into  a rectangular  prism  so  placed  as  to  direct 
it  obliquely  upwards  into  the  secondary  body 
(Fig.  67).  Although  there  is  a decided  difference 
in  brightness  between  the  two  images,  that 
formed  by  the  reflected  rays  being  the  fainter, 
yet  there  is  marvellously  httle  loss  of  definition 
in  either,  even  when  the  25th-inch  objective  is 

Powell  and  Lea-  used.  The  disc  and  prism  are  fixed  in  a,  short 
land’s  Non-Stereo-  tube,  which  can  be  readily  substituted  in  any 
scopic  Binocular  Ar-  ordinary  Binocular  Microscope  for  the  one  con- 
rangement.  taining  the  Wenham  prism.— Other  arrange- 

ments were  long  since  devised  by  Mr.  W enhamj" , with  a view  to 
obtain  a greater  equahty  in  the  amount  of  hght-rays  forming  the  two 
pictures  ; and  he  has  lately  carried  one  of  these  into  practical  effect, 
with  the  advantage  that  the  compound  prism  of  which  it  consists, 
has  so  nearly  the  same  shape  and  size  as  his  ordinary  stereoscopic 
prism,  as  to  be  capable  of  being  mounted  in  precisely  the  same 
manner,  so  that  the  one  may  be  readily  exchanged  for  the  other. 
The  axial  ray  a,  proceeding  upwards  from  the  objective,  enters  the 
prism  A B D E F (Fig.  58)  at  right  angles  to  its  lower  face,  and  passes 
on  to  c,  where  it  meets  the  inclined  face  a b,  at  which  this  pnsm  is 
nearly  in  contact  with  the  oblique  face  of  the  right-angled  pinsm 
ABC.  By  internal  reflection  from  the  former,  and  extern<H  reflection 
from  the  latter,  about  half  the  beam  6 is  reflected  within  the  first 
prism  in  the  direction  c 6,  while  the  other  half  proceeds  straight 
onwards  through  the  second  prism,  in  the  direction  c a',  so  as  to  pass 
into  the  principal  body.  The  reflected  half,  meeting  at  d,  the  oblique 

■»  A Mineraloffical  Microscope  specially  contrived  by  Jf.  Nacliet  for  minute 
Petrological  researches,  will  bo  described  at  the  end  of  Chap.  xxi. 

+ “ Tiunsactions  of  the  Microsc.  Soc.”  N.S.,  \ol.  xiv,  (18G6),  p.  lOo. 
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(silvered)  surface  d e,  of  the  first  prism,  is  again  reflected  in  the 
direction  d h' ; and  passing  out  of  that  prism  perpendicularly  to  its 
surface  a f,  proceeds  towards  the  secondary  body.  The  two  prisms 

l-’iG.  58. 


lust  not  be  in  absolute  contact  along  the  plane  a b,  since,  if  they 
rings  would  be  formed ; and  much  nicety  is  required 
■ B that  the  two  reflections  may  be  combined 

^ blurring  of  the  image  in  the  secondary  body.  Being 

ly  Mr.  Wenham’s  kindness)  the  possessor  of  a prism  thus  adjusted 
f himself,  the  Author  can  bear  testimony  to  the  excellence  of  its 
irformance  ; and  he  feels  sure  that  for  the  prolonged  observation, 
ider  high  powers,  of  objects  not  recpiiring  the  extreme  of  perfection 
: definition — such,  for  example,  as  the  study  of  the  Cyclosis  in 
ante,— great  advantage  is  gained  from  the  conjoint  use  of  both 
es  by  one  of  the  above  aiTangements. 


CHAPTER  III. 


ACCESSOEY  APPAEATUS. 


In  describing  the  various  pieces  of  Accessory  Apparatus  with 
which  the  Microscope  may  be  furnished,  it  will  be^  convenient  in 
the  first  place  to  treat  of  those  which  fojm  (when  in  use)  part  of 
the  instrument  itself,  being  appendages  either  to  its  Body  or  to  its 
Stage,  or  serving  for  the  Illumination  of  the  objects  which  are 
tmder  examination ; and  secondly,  to  notice  such  as  have  for  their 
function  to  facilitate  that  examination,  by  enabling  the  Micro- 
scopist  to  bring  the  objects  conveniently  under  his  inspection. 


Section  I.  Appendages  to  the  Microscope. 


82.  Amplifier. — It  is  obvious  that  if,  by  the  use  of  a_  concave 
lens  interposed  between  the  Objective  and  the  Eye-piece,  the 
divergence  of  the  rays,  in  the  course  from  the  former  to  the  fatter,, 
be  increased,  the  magnifying  power  of  the  instrument  wiU  be 
augmented  in  proportion ; and  such  an  addition  (which  was  long 
since  introduced  into  Telescopes,  and  also  into  the  Solar  Micro- 
scope) has  been  brought  into  general  use  in  the  United  States, 
having  been  first  made  effective  by  Mr.  Tolies.  As  constructed  by 
liim,  the  Amplifier  is  an  achromatic  concavo-convex  lens  of  small 
diameter,  screwed  into  the  lower  end  of  the  draw-tube,  so  as  to  be 
at  no  great  distance  behind  the  objective,  the  power  of  which  it 
doubles,  without  (it  is  affirmed)  producing  sensible  deterioration  of 
the  image.  Dr.  Devron,  of  New  Orleans,  states  that  two  photo- 
graphs having  been  taken  of  AmpMpleura  pellucida,  the  one  by  a 
Tolies’  1-I2th  with  amplifier,  the  other  with  a Tolies’  I-25th  without 
amplifier,  they  proved  to  be  scarcely  distinguishable ; and  that  the 
19th  band  of  Nobert’s  ruled  plate  could  be  resolved  with  its  aid, 
by  objectives  under  which  without  it  no  resolution  could  be  ob- 
tained.* It  is  obvious  that  if  the  magnifying  power  of  our  Micro- 
scopes can  be  thus  doubled,  without  the  strain  of  eyes,  and  the  loss  of 
light  and  of  definition,  produced  by  deep  Eye-piecing,  and  without 
the  necessity  of  employing  Objectives  of  inconveniently  short  focns 
and  great  cost,  a great  advantage  will  have  been  gained;  while 
those  who  -vvish  to  possess  a graduated  range  of  powers,  need  only 
g^pply  themselves  with  half  the  number  of  Objectives  needed,  to 
* “ American  Monthly  Journal  of  Microscopy,”  Vol.  iil.  (1878),  p.  38. 
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■give  it,  since  eacli  can  be  made  to  do  double  'work  (a  1 incli  for 
example,  ser^ung  also  as  a half-inch)  without  change  either  of 
. ^e  eye-piece  or  of  the  focal  adjustment.— Dr.  Wythe,  of  San 
Francisco,  states  that  he  has  obtained  very  good  results  by  placing 
a double-concave  or  a concavo-convex  lens  of  about  6 inches  focu^ 
large  a diameter  as  the  tube  will  allow,  about  3 inches 
below  the  eye-piece ; counteracting  its  aberrations  by  substituting 
a convexo-concave  lens  for  the  plano-convex  which  foinns  the  field- 
. glass  of  the  ordinary  Huyghenian  eye-piece.*' 

83.  praio-Tuhe.~-lt  is  advantageous  for  many  purposes  that  the 
Eye-piece  should^  be  fitted,  not  at  once  into  the  ‘ body  ’ of  the 
jlEcroscope,  but  into  an  intermediate  tube;  the  drawing-out  of 
which,  by  augmenting  the  distance  between  the  objective  and  the 
image  wkich  it  foirnis  in  the  focus  of  the  eye-glass,  still  further 
undents  the  size  of  the  image  in  relation  to  that  of  the  object 
)•  although,  as  a general  rule,  the  magnifying  power 

ca^ot  be  thus  increased  with  advantage  to  any  considerable  extent 
yet.  If  the  corrections  of  low  objectives  have  been  well  adjusted 
their  perfo^ance  is  not-  seriously  impaired  by  a moderate  lengthen- 
ing ot  the  body ; and.  recourse  may  be  conveniently  had  to  this  on 
many  occasions  in  which  some  ampHfication  is  desired,  intermediate 
bgwep  the  powers  furmshed  by  any  two  Objectives.  Thus,  if  one 
objective  ^ve  a power  of  80  diameters,  and  another  a power  of  120 
and  drawing  out  the  Eye-piece,  its  power  may  be 
ncreased  to  100.  Again,  it  is  often  very  useful;to  make  the  object 
lU  up  the  whole,  or  nearly  the  whole,  of  the  field  of  view  ; lo  Tto 
.vividness  and  distinctness  of  its  image  from  being 

nJtErp'^  ^ extraneous  fight.  In  the  use  of  the  Micro? 
netnc  eye-pieces  to  be  presently  described  (SS  90,  91)  veiw  orpnf 
dv^taje  IS  to  bo  derived  froAhe  aeeistaSi  of  the'bS-t?be 
,f ^ precise  adjustment  between  the  divisions 
>tthe  Stage-micrometer  and  those  of  the  Eye-piece  micrometer - 
md  as  a^ittmgthe  establishment  of  a more  convenient  numerical 

a more  elaborate  contrivances.  Moreover,  if,  for  the  sake  of 
X to  desired  to  reduce  tt”lengthX  th‘ 

uei  of  tSL  Microscope)  affords  a ready 

pecial  adiuatn^ut  , l^idectivea  of  high  power,  however,  require 
pecial  adjustment  when  any  considerable  length  of  Draw-tube  is 


dMd'MlXOTpXvlTr^T  j“‘™ent,  first  appUed  to  the  Com- 
aches  long  havmo-  J ’•  consists  of  a tube  about  three 

t the  other  (the  i ^ plano-convex  lens 

iaphragmnLrlv  bnlf  ^eing  upwards  in  each  case),  with  a 

^ie^Iowe?^nd  of^th^LlS'+’ ’•  screwed  into 

ike  the  corresnondlr,. ! A",  59.  Its  effect  is 

iversion  of  the  imacr?  Tekscope),  to  antagonize  the 

tne  image  formed  by  the  object-glass,  by  pi-oducing  a 
* Op.  cit.  Vol.  V.  (I860),  p.  81. 
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Fig.  59. 


second  inversion,  so  as  to  make  the  Image  presented  to  the  e}'i* 
correspond  in  position  with  the  Object — an  arrangement  of  great 
service  in  cases  in  which  the  object  has  to  be  subjected  to  an\ 
kind  of  manipulation.  The  passage  of  the  rays  through  two 
additional  lenses  of  course  occasions  a certain  loss 
of  light  and  impairment  of  tlie  distinctness  of  the 
image ; but  this  need  not  be  an  obstacle  to  its 
use  for  the  class  of  purposes  for  which  it  is 
especially  adapted  in  other  respects,  since  tliese 
seldom  require  a very  high  degree  of  defining 
power.  By  the  position  given  to  the  Erector,  it 
is  made  subseiwient  to  another  purpose  of  great 
utility ; namely,  the  procuring  a very  extensive 
range  of  Magnifj'ing  power,  without  any  change 
in  tike  Objective.  For  when  the  draw-tube,  with 
the  erector  fitted  to  it,  is  completely  pushed-in, 
the  acting  letigth  of  the  body  (so  to  speak)  is  so 
greatly  reduced  by  the  formation  of  the  first 
image  much  nearer  the  objective,  that,  if  a lens  of 
2-3rds  of  an  inch  focus  be  employed,  an  object  of 
the  diameter  of  inch  can  be  taken  in,  and 
enlarged  to  no  more  than  4 diameters ; whilst,  on 
the  other  hand,  when  the  tube  is  drawn-out  4^- 
inches,  the  object  is  enlarged  100  diameters.  Of 
course  every  intermediate  range  can  be  obtained 
by  drawing-out  the  tube  more  or  less;  and  the 
facility  with  which  this  can  be  accomplished, 
especially  when  the  Draw- tube  is  furnished  with 
a rack-and-pinion  movement  (as  in  Messrs.  Beck’s 
Compound  Dissecting  Microscope),  renders  such 
an  instrument  very  useful  in  various  kinds  of 
research. 

85.  Mic}'o-i£egascope. — ^This  desigrnation  has  been  applied  by  Dr.  J. 
Matthews,*  to  an  arrangement  of  the  ordinary  Microscope,  whereby 
such  a low  amplification  may  be  obtained,  as  gives  a general  ^dew  of 
large  objects,  without  the  need  of  any  special  apparatus.  The 
methcKi  consists  iu  emplojing  the  ordinary  microscope  to  magnify 
— uot  the  object  itself — but  an  image  of  it  formed  by  a lens  placed 
i.»etween  the  object  and  the  front  of  the  objective.  In  the  priu- 
ciplo  of  this  method  there  is  nothing  new,  for  every  Microscopist 
who  has  focussed  an  Achromatic  Condenser,  upon  a transparent 
object,  has  seen  the  image  formed  by  it  of  his  Avindow-frame,  blind- 
tassel,  or  (it  may  be)  of  sharply  defined  clouds.f  And  Dr.  Koyston- 
Pigott  has  been  accustomed  to  employ  such  images  of  hairs,  ^c 
Avires.  Ac.,  as  ‘ tests  ’ for  the  defining  quality  of  Objectives  of  lugh 
magnifying  power.  The  novelty  consists  in  the  mode  of  applying  it 

• “.Tournal  of  Quekett  Microscopical  Club,”  «T«ly,  1879. 

t The  Author  has  thus  exhibited  to  his  friends  .a  Microscopic  Anew  of  tho 
Moon. 


Diuw-tulx?  fitted 
A\-itli  Erector. 
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to  the  purpose  just  named.  This  answers  best  when  an  Objective  of 
2-inches  or  IMncli  focus  is  used  in  the  microscope,  and  a 1-inch 
Objective  is  placed  in  the  Sub-stage  with  its  front-lens  upward. 
The  object  to  be  imaged  by  the  latter  is  to  be  placed  either  at  some 
distance  behind  it,  the  mirror  being  turned  aside,  or,  if  the  Mirror 
be  employed,  at  some  distance  from  it  on  either  side  ; the  distance, 
in  either  case,  being  adapted  to  give  to  the  Microscopic  image  the 
amplification  required.  The  former  arrangement  is  most  convenient 
if  the  Microscope  is  being  used  in  a horizontal  position ; the  latter  is 
most  suitable  when  the  Microscope  is  inclined,  the  distance  of  an 
object  placed  in  the  optic  axis  being  then  limited.  If  exact  definition 
is  required,  the  Min-or  should  be  replaced  by  a right-angled  Prism 
(§  2).  The  object,  whether  transparent  or  opaque,  must  be  suit- 
ably illnminated  ; and  it  will  be  found  convenient  to  use  a special 
support  so  made  that  its  position  and  height  may  be  conveniently 
varied. 

86.  Nachet's  Erecting  Prism. — An  extremely  ingenious  arrange- 
ment has  been  made  by  MM.  Machet,  on  the  basis  of  an  idea  first 
carried  into  practice  by  Prof.  Amici,  by  which  the  inverted  image 
given  by  the  Compound  Microscope  is  erected  by  a single  rectan- 
gular prism  placed  over  the  eye-piece.  The  mode  in  which  this 
prism  is  fitted  up  is  shown  in  Fig.  60  (2) ; the  rationale  of  its  . 
action  is  explained  by  the  diagram  (1).  The  prism  is  interposed 


Fig.  60. 


Nachet's  Erecting  Prism. 

Ijetween  the  two  lenses  of  the  Eye-piece,  and  has  somewhat  the  form 
wedge,  with  two  pentagonal  sides,  abode,  and  a b n G E, 
svhich  meet  each  other  along  the  common  edge  A B,  and  two  facets, 
0 E E G,  and  c D G ir,  which  meet  along  the  common  edge  D G,  the 
3dges  A B and  d g being  perpendicular  to  each  other.  The  rays 
jmerging  from  the  field-glass  enter  this  prism  by  its  lower  surface, 
ind  are  reflected  at  i,  upon  the  face  a b n g e,  from  which  they  are 
igam  reflected  upon  the  lower  surface  at  the  point  k,  and  thence  to 
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the  point  L upon  the  vertical  face  c d g ii,  and  lastly  at  the  point  M, 
upon  the  other  vertical  face  n e F G ; from  which  the  image  normally 
and  completely  erected,  is  again  sent  back,  to  issue  by  the  superior 
surface  upon  which  the  eye-glass  is  placed.  All  the  reflexions  are 
total,  except  the  first  at  i ; and  the  loss  of  li^ht  is  far^  less  than 
would  he  anticipated. — The  obliquity  which  this  Prism  gives  to  the 
visual  rays,  when  the  Microscope  is  placed  vertically  for  dissecting 
or  for  the  examination  of  objects  in  fluid,  is  such  as  to  bring  them 
to  the  eye  at  an  angle  very  nearly  corresponding  with  that  at  which 
the  Microscope  may  be  most  conveniently  used  in  the  inclined 
position  (§  41,  ill.) ; so  that,  instead  of  being  an  objection,  it  is  a 


real  advantage. 

87.  Borhy^roioninrj  Micro-Spectroscope.* — When  the  Solar  ray  is 
decomposed  into  a coloured  spectrum  by  a prism  of  suflBcient 
dispersive  power,  to  which  the  light  is  admitted  by  a narrow  sht,  a> 
multitude  of  dark  lines  make  their  appearance.  The  existence  of 
these  was  originally  noticed  by  W oUaston ; but  as  Fraunhofer 
first  subjected  them  to  a thorough  investigation,  and  mapped  them 
out,  they  are  known  as  Fraunliofer-lines.  The  greater  the  disjiersion 
given  by' the  multiplication  of  prisms  in  the  Spectroscope,  the  more 
of  these  lines  are  seen;  and  they  bear  considerable  magnifica- 
tion. They  result  from  the  interruption  or  absorption  of  certain 
rays  in  the  Solar  atmosphere,  according  to  the  law,  first  stated  by 
Angstrom,  that  “ rays  which  a substance  absorbs  are  precisely  those 
which  it  emits  when  made  self-luminous.”  Kircl^olf  showed  that 
while  the  incandescent  vapours  of  Sodium,  Potassium,  Lithium,  &c., 
give  a spectrum  with  characteristic  bright  lines,  the  same  vapours 
intercept  portions  of  white  light,  so  as  to  giye  darh  lines  in  place  of 
the  bright  ones,  absorbing  their  own  special  colour,  but  allowing 
rays  of  other  colours  to  pass  through.-— Again,  when  ordinaiy  light 
is  made  to  pass  through  coloured  bodies  (solid,  liquid,  or  gaseous), 
or  is  reflected  from  their  surfaces,  so  as  to  affect  the  eye  with  the 
sensation  of  colour,  its  spectrum  is  commonly  found  to  exhibit 
absorption  hands,  which  difier  from  the  Fraunhofer  lines,  not  only 
in  their  greater  breadth,  but  in  being  more  or  less  wefcaZous  or 
cloudy,  so  that  they  cannot  be  resolved  into  distinct  lines  by  mag- 
niflcation,  while  too  much  dispersion  thins  them  out  to  indistinct- 
ness. Now,  it  is  by  the  character  of  these  bands,  and  by  their 
position  in  the  spectrum,  that  the  colours  of  different  subst^ces 
can  be  most  accurately  and  scientiflcally  compared;  many  colours 
whose  impressions  on  the  eye  are  so  similar  that  they  cannot  be  dis- 
tinguished, being  readily  discriminated  by  their  spectra.  The  pur- 
pose of  the  Micro-Spectroscope  is  to  apply  the  spectroscopic  test  to 
very  minute  quantities  of  coloured  substances;  and  it  fundamentally 
consists  of  an  ordinary  Eye-piece  (which  can  be  fitted  into  any  Micro- 
scope) with  cei-taiD  special  modifications.  As  originally  devised  by 

* For  general  information  on  the  Spectroscope  and  its  nscs,  the  student  is 
referred  to  Professor  Roscoe’s  “ Lectures  on  Spectrum  Analysis,  or  the  trans- 
lation of  Dr.  Sclicllen’s  “Spectrum  Analysis." 
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Fig.  Cl. 


Mr.  Sorljy,  and  worked-out  by  Mr.  Browning,  the  Micro-Spectro- 
scope is  constructed  as  follows 
<Fig.  61): — Aboveits  Eye-glass, 
which  is  achromatic,  and  made 
capable  of  focal  adjustment  by 
the  milled-head  B for  rays  of 
different  refrangibilities,  there 
is  placed  a tube  a,  containing  a 
series  of  five  prisms,  two  of 
flint-glass  (Eig.  62,  F f)  inter- 
posed between  three  of  crown 
(c  c c),  in  such  a manner  that 
the  emergent  rays  r r,  which 
have  been  separated  by  the  dis- 
persive action  of  the  flint-glass 
prisms,  are  parallel  to  the  rays 
which  enter  the  combination. 

Below  the  eye-glass,  in  the 


Micro-Spectroscope. 


Fig,  G2. 


Arraugement  of  prisms  in  Spectro- 
scope Eye-piece. 


place  of  the  ordinary  stop,  is  a diaphragm  with  a narrow  sht,  which 
limits  the  admission  of  light ; this  can  be  adjusted  in  vertical  posi- 
tion by  the  milled-head  h,  whilst  the  breadth  of  the  slit  is  regulated 
by  c.  The  foregoing,  with  an  Ob- 
jective of  suitable  power,  would  be 
all  that  is  needed  for  the  examina- 
tion of  the  spectra  of  objects  placed 
on  the  stage  of  the  Microscope, 
whether  opaque  or  transparent, 
solid  or  liquid,  provided  that  they 
transmit  a sufficient  amount  of 
light.  But  as  it  is  of  great  impor- 
tance to  make  exact  comparisons  of  such  artificial  spectra,  alike 
■with  the  ordinaiy  or  natural  Spectrum,  and  with  each  other,  pro- 
vision is  made  for  the  formation  of  a second  spectrum,  by  the 
insertion  of  a right-angled  prism  that  covers  one-half  of  this  slit, 
and  reflects  upwards  the  light  transmitted  through  an  aperture 
seen  on  the  right  side  of  the  eye-piece.  For  the  production  of  the 
ordinary  spectrum,  it  is  only  requisite  to  reflect  light  into  this 
aperture  from  the  small  mirror  i,  carried  at  the  side ; whilst 
P^P'l^^^tion  of  the  spectrum  of  any  substance  through 
w ich  the  light  reflected  from  this  mirror  can  be  transmitted,  it  is 
only  necessary  to  place  the  slide  carrying  the  section  or  crystalline 
, or  the  tube  containing  the  solution,  in  the  frame  D d adapted 
o receive  ik  In  either  case,  this  second  spectrum  is  seen  by  the 
° B ® alongside  of  that  produced  by  the  object  viewed 

compared  ^ body  of  the  Microscope,  so  that  the  two  can  be  exactly 

position  of  the  Absorption-bands  is  as  important 
^ f^aunhofer-lines  ; and  some  of  thu  most  conspicuous 
e atter  afford  fixed  points  of  reference,  provided  the  same 
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Spectroscope  be  employed.  The  amount  of  dispersion  determines- 
whether  the  Fraunhofer-lines  and  Absorption-bands  are  seen  nearer 

or  farther  apart ; their 
actual  positions  in  the  field 
of  view  varying  according  to 
the  dispersion,  while  their 
relative  positions  are  in 
constant  proportion. — The 
best  contrivance  for  mea- 
suring the  spectra  of  ab- 
sorption bands  is  Brown- 
ing’s Bright-line  Micro- 
meter, shown  in  Fig.  63.  At 
a is  a small  mirror  by  which 
light  from  the  lamp  em- 
ployed can  be  reflected 
through  E D to  tlie  lens  c, 
which,  by  means  of  a per- 
forated stop,  forms  a bright 
pointed  image  on  the  sur- 
face of  the  upper  prism, 
whence  it  is  reflected  to  the- 
eye  of  tlie  observer.  The 
rotation  of  a wheel  worked 
by  the  miUed-head  m,  carries 
tliis  bright  point  over  the 
spectrum,  and  the  exact 
amount  of  motion  may  be 
read  off  to  l-10,000th  inch 
on  the  graduated  circle  of 
the  wheel.  To  use  this  ap- 
paratus. the  Fraunhofer 
lines  must  be  viewed  by 
sending  bright  daylight 
through  the  spectroscope,  and  the  positions  of  the  principal  lines 
carefi^y  measured,  the  reading  on  the  micrometer-wheel  being 
noted  down.  A Spectrum-map"  may  then  be  drawn  on  cardboard, 
on  a scale  of  equal  parts ; and  the  lines  marked  on  it,  as  shown  in 
the  upper  half  of  Fig.  64.  The  lower  half  of  the  same  figure  shows 
an  Absorption-spectrum,  with  its  bauds  at  certain  distances  from 
the  Fraunhofer  Hues.  The  cardboard  Spectrum-map,  when  once 
drawn,  should  be  kept  for  reference.* 

* Mr.  Swift  has  devised  au  improved  Micro-Spectroscope,  in  which  the 
Micrometric  apparatus  is  combined  with  the  ordinary  Spectroscopic  Eye-piece, 
and  two  spectra  can  bo  brought  into  the  field  at  once. — Other  improvements 
devised  by  Mr.  Sorby,  and  a new  form  devised  by  Mr.  E.  H.  Ward,  have  been 
carried  into  execution  by  Mr.  Hilger.  fSee  “.Tonrn,  of  Roy.  Microsc,  So^” 
Vol.  i..  1878,  p.  32G,  and  Vol,  ii.,  1879,  p.  81.)  Another  construction  possessing 
some  advantages  over  the  original  form,  has  be«-n  devised  by  Zeiss  of  Jena. 
(See  “ Jouni.  of  Roy.  Microsc.  Soc.,”  Vol.  iii.,  1880,  p.  703> 
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Eright-lino  Spectro-Micrometer. 
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89.  A beginner  with  the  Micro- Spectroscope  should  first  hold  it 
up  to  the  sky  on  a clear  day,  without  the  intervention  of  the  micro- 
scope, and  note  the  effects  of  opening  and  closing  the  slit  by  rotating 
the  screw  c (Fig.  61) ; the  lines  can  only  be  well  seen  when  the  sht 
IS  reduced  to  a narrow  opening.  The  screw  n diminishes  the  length 

Fig.  C4. 
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Upper  half,  Map  of  Solar  Spectrum,  showing  Fraunhofer  lines.  Lower  half, 
Absorption  Spectrum,  showing  position  of  Bands  in  relation  to  lines. 

of  the  sht,  and  causes  the  spectrum  to  be  seen  as  a broad  or  a 
narrow  nbbon.  The  screw  b (or  in  some  patterns  two  small  sliding- 
knofe)  regulates  the  quantity  of  light  admitted  through  the  square 
^e^re  seen  between  the  points  of  the  springs  d d.— Water  tinged 
madder,  and  blood,  are  good  fluids  with  which  to 
s^tiT f absorption-bands.  They  may  be  placed  in 
^ *>ibes,  in  flat  glass  cells,  or  in  wedge-shaped  cells.*  As 

thrscrpw  ^ focus  must  be  adjusted  by 

Saminpd  iwf  ■ ^ the  part  of  the  spectrum  that  i 

minn+p  r,K‘  desired  to  see  the  spectrum  of  an  exceedingly 

''Vi''  ^ Wer  one,  the  prisms 

slides  stfinr*^  by  withdrawing  the  tube  containing  them ; the 
liron^U  • ? and  the  object,  or  part  of  it, 

slits  ?an  then  b^^  vertical  and  horizontal 

ire  then  if  the  prisms 

spectrum  ^ objective  employed,  the  required 

obsfrSori^  m unaffected  by  adjacent  objects.  For  ordinary 
be  fouM  m f ^ i^ch  focus  will 

a hieher  minute  quantities  of  material 

corpLcle  mav  bp”''"^  ? ® employed.  Even  a single  Eed  Blood- 
represented  (Ifter Absorption-bands 

is  kept  on  salVbv^^Mr”  R small  tubes,  for  the  study  of  Absorptiou-spectra., 
Work  with  the  Micro  directions  given  in  his  “How  to 

t For  furthprin^^'^Pt-^^^^^^P  carefully  attended  to. 

selan  important  Spectrum  Method  of  Detecting  Blood,’^ 

(IS71),  p.  y.  ^ P boifijr,  m “ Monthly  Micrnsc.  Journ.,”  Vol.  vi. 
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Fig.  Go. 


90.  Micromeiric  Aj^paraUos. — Although  some  have  applied  their 
•micrometric  apparatus  to  the  Stage  of  the  Microscope,  yet  it  is  to 

the  Eye-piece  that  it 
may  he  most  advantage- 
ously adapted.*  The 
Gohweb  Microtneier,  in- 
vented by  Ramsden  for 
Telescopes,  is  probably, 
•when  well  constructed, 
the  most  perfect  instru- 
ment that  the  Micro- 
scopist  can  employ.  It 
is  made  by  stretching 
across  the  field  of  an 
Eye-piece  two  very  deli- 
cate parallel  -wires  or 
spider’s  threads,  one  of 
which  can  be  separated 
from  the  other  by  the 
action  of  a micrometer 
screw,  the  head  of  which 
is  divided  at  its  edge  into 
a convenient  number  of 
parts,  which  successively 
Spectroscopic  ajppearance  of  fresh  Scarlet  pass-by  an  index  as  the 
blood;  2,  of  Deoxydized  Blood  (cruorine) ; 3,  of  milled-head  is  turned. 
Hsematin,  obtained  by  acting  on  cruonne  with  an  A portion  of  the  field  of 
acid;  4,  of  Hrematin  reoxydized.  0^  one  gicle  is  cut 

off  at  right  angles  to  the  filaments,  by  a scale  formed  of  a thin 
plate  of  brass  ha-ving  notches  at  its  edge,  whose  distance  cor- 
responds to  that  of  the  threads  of  the  screw,  every  fifth  notch 
being  made  deeper  than  the  rest  for  the  sake  of  ready  enumera- 
tion. The  object  being  brought  into  such  a position  that  one 
of  its  edges  seems  to  touch  the  stationary  filament,  the  other 
thread  is  moved  by  the  micrometer-screw  until  it  appears  to  lie 
in  contact  with  the  other  edge  of  the  object;  the  number  of 
entire  divisions  on  the  scale  shows  how  many  complete  turns  of  the 
screw  must  have  been  made  in  thus  separating  the  filaments,  while 


* The  Stage-Micrometer  constructed  by  Fraunhofer  is  emploj^ed  by  many 
Continental  Microscopists ; but  it  is  subject  to  this  disadvant^e — that  any 
■error  in  its  performance  is  augmented  by  the  lohole  magnifying  power  em- 
ployed ; whilst  a like  error  in  the  Eye-piece  Micrometer  is  increased  by  the 
magnifying  pow'er  of  the  eye-piece  alone. — Dr.  Royston-Pigott  has  pointed  out 
.(“Monthly  Microsc.  Journ.,”  Vol.  ix.,  1873,  p.  2),  that  by  placing  the  Cobweb 
Micrometer  at  some  distance  beneath  the  statre,  and  by  forming  an  aerial  inwf/e 
of  it  (by  an  interposed  lens)  in  the  plane  of  the  object,  the  delicacy  and  accuracy 
of  its  measurements  may  be  greatly  increased ; the  numerical  value  of  each 
division  being  reduced,  iu  proportion  to  the  reduction  in  the  size  of  the  aerial 
image,  which  will  of  course  bo  dotonnined  by  the  focal  length  of  the  lens  that 
foi-ms  it,  and  by  the  distance  of  the  Micrometer  beneath  it. 
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the  number  to  which  the  index  points  on  the  milled-head  shows 
what  fraction  of  a turn  may  have  been  made  in  addition.  It  is 
usual,  bjr  employing  a screw  of  100  threads  to  the  inch,  to  give  to 
each  division  of  the  scale  the  value  of  1-lOOth  of  an  inch,  and  to 
divide  the_milled-head  into  100  parts  ; but  the  absolute  value  of  the 
divisions  is  of  little  consequence,  since  their  micrometric  value 
depends  upon  the  Objective  with  which  the  instrument  may  be 
employed.  This  must  be  determined  by  means  of  a ruled  slip  of 
glass  _ laid  upon  the  stage ; and  as  the  distance  of  the  divisions 
even  in  the  best-ruled  slips  is  by  no  means  uniform,  it  is  advisable 
to  take  an  average  of  several  measurements,  both  upon  different 
slips,  and  upon  different  parts  of  the  same  slip.  Here  the  Draw- 
tube  will  be  of  essential  use,  in  enabling  the  Microscopist  to  bring 
the  value  of  the  divisions  of  his  Micrometer  to  even  numbers. — Tim 
Microscopist  who  applies  himself  to  researches  requiring  micro- 
metric measurement,  should  determine  the  value  of  his  Micrometer 
With  each  of  the  Objectives  he  is  likel^y  to  use  for  the  23urpose  * 
and  should  keep  a table  of  these  determinations,  recording  in  each 
case  the  extent  to  which  the  tube  has  been  drawn  out,  as  marked 
by  the  graduated  scale  of  inches  which  it  should  possess.  And  he 
should  also  make  an  accurate  estimate  of  the  thickness  of  the- 
Cobweb-threads  theraselves  ; since,  if  this  be  not  properly  allowed 
for,  a serious  error  will  be  introduced  into  the  measurements  made- 
by  this  instrument,  especially  when  the  spaces  measured  are  ex- 
tremelj  minute.  (See  AlicheU,  in  “ Transact.  Microsc.  Soc  ” H S 
Vol.  XIV.,  p.  71.)  ■ ■’ 

91.  The  costliness  of  the  Cobweb  Micrometer  being  an  important 
obstacle  to  its  general  use,  a simpler  method  (devised  by  Mr.  Gr. 
J ackson)  is  more  commonly  adopted  ; _ which  consists  in  the  inser- 
tiori  of  a transparent  scale  into  an  ordinary  Huyghenian  Eye-piece 
in  the  focus  of  the  eye-glass,  so  that  the  image  of  the  object  is 
seen  to  be  projected  upon  it.  This  scale  is  ruled  like  that'  of  an 
ordinary  measure  (t.e.,  with  every  tenth  line  long,  and  every  fifth 
Ime  h^  its  length)  on  a slip  of  glass,  wliich  is’  so  fitted  into  a. 
brass  frame  (Fig.  66,  n),  as  to  have  a slight  motion  towards  either 
end;  one  of  its  extremities  is  pressed-upon  by  a fine  milled-head 
screw  which  works  through  the  frame,  and  the  other  by  a sprino- 

wH^^  the  screw.  The  scale 

t be  through  a pair  of  slits  in  the  Eye-piece 

t e ceX  (Fig.  66,  a),  so  as  to  occupy 

brought  accurately  into  focus  by 

s^en  Tbf  vV  i^^e  lines  of  the  scale  are  clearly 

bvmeansof  n <^^ivisions  of  this  scale  must  be  determined 

eLh  ObLetJtr^  ^ Stage-micrometer,  as  in  the  former  instance,  for 
tube  enn  dS  J micrometiy,  the  use  of  the  Draw- 

venient  proportions  to  be  adjusted  to  even  and  con- 

isXmLbfT  accomplished,  the  scale 

tbp  measured,  by  moving 

the  latter  as  nearly  as  possible  into  the  centre  of  the  field,  and 
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then  rotating  the  Eye-piece  in  such  a manner  that  the  scale  may 
lie  across  that  diameter  which  it  is  desired  to  measure.  The 
pushing- screw  at  the  extremity  of  the  scale  being  then  turned 
until  one  edge  of  the  object  appears  to  be  in  exact  contact  with 
one  of  the  long  lines,  the  number  of  divisions  which  its  diameter 
occupies  is  at  once  read-off  by  directing  the  attention  to  the  other 
edge — the  operation  being  nothing  more  than  laying  a rule  across 
the  body  to  be  measured.*  This  method  of  measurement  may  be 


made  quite  exact  enough  for  all  ordinary  purposes,  provided,  in 
the  first  place,  that  the  Eye-piece  scale  be  divided  with  a fair 
degi’ee  of  accuracy  ; and  secondly,  that  the  value  of  its  divisions  be 
ascertained  (as  in  the  case  of  the  Cobweb  Micrometer)  \>j  several 
comparisons  with  a ruled  scale  laid  upon  the  Stage.  Thus  if,  by  a 
mean  of  numerous  observations,  we  establish  the  v^ue  of  each 
division  of  the  eye-piece  scale  to  be  1-12, 500th  of  an  inch,  then,  if 
the  image  of  an  object  be  found  to  measure  3^  of  those  divisions, 
its  real  diameter  wdl  be  3|  X oi*  sbtt  iiich.f  AVith  an 

♦ Dr.  Eoyston-Pigott  (loc.  cit.)  prefers  to  introduce  into  the  aperture  of  tlie 
diaphragm  a plano-convex  lens  of  very  long  focus,  vuth  the  lines  engraved 
upon  its  flat  surface.  The  advantage  of  the  screw-movement  is  sacnficed,  but 

a greater  distinctness  of  the  lines  is  obtained.  _ , , ...  . 

A PnV.nlflt.inii  of  the  dimensions  is  much  simplified  by  the  adoption  ol  a 


Fig.  66. 
A 


B 


Jackson’s  Eye-piece  Micrometer. 
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HAETNACK’S  EYE-PIECE  ]MICEOMETER.  m 

Objective  of  l-12th-inch  focus,  the  value  of  tbe  divisions  of  the 
Eye-piece  scale  may  be  reduced  to  1-26, 000th  of  an  inch ; and  as  the 
eye  can  estunate  a fourth  part  of  one  of  the  divisions  with 
^ follows  that  a magnitude  of  as  little  as 
l-100,000th  of  an  inch  can  be  measured  with  a near  apiiroach  to 
exactness  — Even  this  exactness  may  be  increased  by  the  application 
of  the  diagonal  scale  (Fig.  67)  devised  by  M.  Hartnack.  The 

Fig.  67. 


Uartuack’s  Eye-piece  Micrometer. 

from  each  other  of  five  divisions  of  the  vertical  scale;  and  the 
parallelogram  thus  formed  is  crossed  by  a diagonal.  It  is  obvious 
th?^60^^  construction,  that  the  lengths  of  the  lower  segments  of 

SLaseTl  1 Ilf  pro|.essi4ly 

mcreasefrom  1 uo  6 0;  so  that  when  it  is  desired  to  obtain  an 

exact  measurement  of  an  object  between  these  limits,  it  is  only 

f^®/®g^ent  whose  length  precisely  coincides  with 
e diameter  to  be  taken,  which  it  will  then  give  in  te7iths  of  fhp 

thp^lp  divisions,  whatever  these  may  be.  Thus  at  a 

the  length  of  the  segment  will  be  F8 : at  6 it  wiU  be  3’4.-ma?: 

uTpJa  adopted,  if  the  measurement  be  made  in  the  Eve 

Fo“  l'’''  “'“f  “y  allowance 

0 tne  adjustment  of  the  Object-glass  to  the  thickness  of  the  o-laq« 

affpp+°7^n^  object,  since  its  magnifjdng  power  is  considerablv 
alteration  byalWR  tL  ‘^Dra  W compensate  for  this 

aegree^ruK^ou^s: 

meter. — Micrometric  -mppa  measurements  with  the  Stage-micro- 
Oamera  Lucida  in  the  made  with  the 

Or  Beale’,  neutral  tbt^eflerf  (§ “94)1’'“ 

_ jstais,  their  angles  may  be  measured  by  adapting  a 

Jeck  STjpp^  Stage-l^crometms  f^onvenience  Messrs. 

ad  looeit.  J S So°.k“  oT'ATuilrJo” 
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Goniometer  to  tlie  Eye-piece  ; but  as  all  First-Class  Microscopes  are- 
now  provided  with  rotating  Stages  graduated  at  their  ed^es,  with 
the  addition  of  a Vernier-scale  if  desired,  the  measurement  may  be 
more  conveniently  made  by  giving  rotation  to  the  object.  An 
Eye-piece  is  required  whose  field  is  traversed  diametrically  by 
a fixed  line  (either  a filament  stretched  across  it,  or  a line  ruled  pn 
glass),  and  is  turned  so  as  to  bring  this  fine  into  coincidence  with 
one  of  the  lines  forming  the  angle  to  be  measured,  whp  the_  Stage 
is  at  zero  ; the  stage  is  then  rotated  until  the  fixed  line  coincides 
with  the  other  line  of  the  angle,  and  the  amount  of  movement  is 
read  off"  on  the  scale.— If  a higher  degree  of  precision  be  required 
than  either  of  these  methods  is  fitted  to  afford,  the  Double- 
Itefracting  GoniometeT,  invented  by  Dr.  Leeson,  may  be  substi- 
tuted.* 

93.  Diaphragm  Dye-piece. — It  is  often  useful  to  cut  off  the  light 
surrounding  the  object  or  part  of  the  object  to  be  examined ; for 
the  sake  alike  of  avoiding  glare  that  is  injurious  to  the  eje,  and  of 
rendering  the  features  of  the  object  more  distinct.  This  ma^  be 
accomplished  on  the  plan  of  Mr.  Slack,  by  the  introduction,  just 
above  the  ordinary  ‘stop,’  of  four  small  shutters,  worked  by  as 
many  milled-heads  projecting  slightly  beyond  the  flange  of  the  eye- 
piece.  By  combining  the  movements  of  these  shutters  in  various  ^ 
ways,  it  is  easy  to  form  a series  of  symmetrical  apertures,  bounded  i 
by  straight  lines,  and  of  any  dimensions  required.  As  remarked  by  ; 
its  inventor,  this  Diaphragm  Eye-piece  may  also  be  used  to  isolate  >• 
one  out  of  many  objects  that  may  be  on  the  same  shde,  andthus  to 
show  that  object  alone  to  persons  who  imght  not  otherwise  distm-  /, 
guish  it. — For  this  last  purpose  the  Indicator  of  Mr.  Quekett  may  J 
also  be  used ; wliich  is  a small  steel  hand  placed  just  over  the  di^  ; 
phragm,  so  as  to  point  to  nearly  the  centre  of  the  field,  wHlst  it 
may  be  turned  back  when  not  required,  leaving  the  field  of  -new  ^ 
quite  free.  The  particular  object  or  portion  of  the  object  to  which  ■ 
it  is  desired  to  direct  attention,  being  brought  to  the  extremity  of  . 
the  hand,  is  thus  at  once  ‘ indicated’  to  any  other  observer  _ 

94.  Camera  Lucida  and  other  Drawing  Apparatus.— V axiou^ 
contrivances  may  be  adapted  to  the  Eye-piece,  m omer  to  enable  ^ 
the  observer  to  see  the  image  projected  upon  a surface  whereon 
he  may  trace  its  outlines.  The  one  most  generally  employed  is 
the  Camera  Ducida  pnsm  contrived  by  _ Dr.  Wollaston  for  the 
general  purposes  of  delineation;  this  being  fitted^  on  the  front  ot 
the  eye-piece,  in  place  of  the  ‘cap’  by  which  it  is  usually  sur- 
mounted. The  Microscope  being  placed  in  a horizontal  position, 
as  shown  in  Fig.  68,  the  rays  which  pass  through  the  eye-piece 
into  the  prism  sustain  such  a total  reflexion  froin  its  oblique 
surface,  that  they  come  to  its  upper  horizontal  surface  at  right 
angles  to  their  previous  direction ; and  the  eye  being  so  plaeea 


Part  — ;;;  n- 

Beck's  “ Treatise  on  the  Microscope,  p.  oo. 
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over  the  edge  of  this  surface  as  to  receive  these  rays  from  the 
prism  through  part  of  the  pupil,  whilst  it  looks  with  the  other 
half  beyond  the  prism  down  to  a white  paper  surface  on  the  table, 
it  sees  the  image  so  strongly  and  clearly  projected  upon  that 
surface,  that  the  only  difficulty  in  tracing  it  arises  from  a certain 
incapacity  which  seems  to  exist  in  some  individuals  for  seeing  the 
ima^e  and  the  tracing-point  at  the  same  time.  This  difficulty 
(which  is  common  to  all  instruments  devised  for  this  purpose)  is 
lessened  by  the  interposition  of  a slightly  convex  lens  in  the  position 
shown  in  the  figure,  between  the  eye  and  the  paper,  in  order  that 
the  rays  from  the  paper  and  tracing-point  may  diverge  at  the  same 
angle  as  those  which  are  received  from  the  prism  ; and  it  may  be 
generally  got  over  altogether,  by  experimentally  modifying  the 
relative  degrees  of  light  received  from  the  object  and  from  the 
paper.  If  the  image  be  too  bright,  the  paper,  the  tracing-point, 
and  the  outline  it  has  made,  are  scarcely  seen  ; and  either  less  light 


Microscope  arranged  with  Camera  Lucida,  for  Drawing  or  Micrometry. 

nay  be  aUowed  to  come  from  the  object,  or  more  light  (as  by  a 
. aper  held  near)  may  be  thrown  on  the  paper  and  tracing-point. 
>ometimes,  on  the  other  hand,  measures  of  the  contrary  kind  must 
f instrument  for  the  same  purpose,  invented  by 

Soemmei-ing,  and  preferred  by  some 
f polished  steel  or  speculum-metal, 

.ngle  ot  45  in  front  of  the  eye-piece.  The  rays  from  the  eye-piece 
vertically  upwards  to  the  central  part  of  th^  pupil 
ir»or  nr.  ^ DiirTor,  whilst,  as  the  eye  also  receives  rays  from  tlic 
iper  and  tracer  in  the  same  direction,  through  the  peripheral  portion 
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Chevalier’s  Camera  Lucida. 


of  the  pupil,  the  image  formed  by  the  Microscope  is  visually  projected 
downwards. — In  another  form  of  Camera  Lucida,  devised  by  Amici, 
(39^  and  adapted  to  the  horizon- 

tal microscope  bv  Chevalier, 
the  eye  looks  through  the 
Microscope  at  the  object  (as 
in  the  ordinary  view  of  it), 
instead  of  looking  at  its  pro- 
jection upon  the  paper,  the 
image  of  the  tracing-point 
being  projected  upon  the 
field — an  arrangement  which 
is  in  many  respects  more  ad- 
vantageous. This  is  effected 
by  combiuing  a perforated 
steel  mirror  with  a reflecting 
' prism ; and  its  action  will  be 
understood  by  the  accom- 
- panying  diagram  (Fig.  69.) 
The  ray  a h proceedmg  from 
the  object,  after  emerging 
from  the  eye-piece  of  the  Mi- 
croscope, passes  through  the 
central  perforation  in  the 
oblique  mirror  M,  which  is  placed  in  front  of  it,  and  so  toectly 
onwards  to  the  eye.  On  the  other  hand,  the  ray  a',  proceeding  np- 

wards  from  the  tracing-pomt, 
enters  the  prism  p,  is  reflected 
from  its  inclined  surface  to  the 
inclined  surface  of  the  mirror  M, 
and  is  by  it  reflected  to  the  eye 
at  in  such  parallelism  to  the 
ray  h proceeding  from  the  object, 
that  the  two  blend  into  one 
image. — The  same  effect  is  pro- 
duced by  a contrivance  which 
has  been  devised  by  MM.  Nachet 
for  use  with  vertical  Micro- 
scopes, and  is  much  employed 
on  the  Continent.  It  consists  of 
a prism  of  a nearly  rhomboidal 
form  (Fig.  70),  wmch  is  placed 
with  one  of  its  inclined  sides  a c, 
over  the  eye-piece  of  the  Micro- 
scope ; to  this  side  is  cemented  an 
obhque  segment  E,  of  a small  glass 
cylinder,  which  presents  to  the  ray 
Nacbot’e  Camera  Lucida.  ^ proceeding  directly  upwards 

from  the  object,  a surface  at  right  angles  to  it ; so  that  this  ray 
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jDasses  into  th.e  small  cylinder  13  and  nnf  fv/i-m  +1  'j 

directly  proceeded  from  the  obiect^  As^thT^v^  which  has 

oblique,  the  picture  visuallv  r.vmo4  ^ is  necessarily 

unless  the  St Slerf P" distorted^ 
shall  be  at  right  angles  to  a'  raised,  so  that  its  plane 

drawing  from  tlrCrosnonP  VT  • contrivances  for 

least  effective,  is  tlieJVbM*-a%W  ^ "tPc 

Beale,  which  tonsil  ofa^  of  ^^’• 

fitted  on  the  Eye-piece  with  whieb  if  glass,  set  in  a cap 

Ifficroscope  beSg^iSed  as  angle  of  45°  Tli 

wards,  receives  aUhe  saCrimi  fP^'®^’  ^^wn- 

•eye-piece,  which  come  to  it  by  refleSfoSml;'?''''? 
wMch  its  inventor  (Mr,  T.  B.  JeS^s? T S? 

inch  in  dia- 


efficient,  may  be  made  by  taking  a^flrt'^Jrk  abL^Ti  ‘ 1 • r'' 
meter,  cuttinff  a hole  in  if  about  If  inch  in  dia- 

tightly  on  th!  iSece  witW  i*  t°  «* 

transverse  slit  beneath  the  hole  into  whSs  bfb  =■ 

,glass  cover  at  an  angle  of  45°.  ’ inserted  a thin- 

may  learn  to  draw  a^outhL^of  th?Sr‘^^^  contrivances,  every  one 
extremely  desirable  for  th^  ; and'  it  is 

tion  of  ^n  object  should  be  baSrf  nr^^^^ 
persons  will  use  one  instimment  most  i h ^ Some 

fact  being  that  there  is  a sort  o/‘ knacV  in'^ffc  another;  the 
IS  commonly  acquired  bv  prachVn  -ilnno  ^^i  ^ which 

to  the  use  ot  any  one  Ihem  e that  aperson  acenstomed 

another.  Although  somfnertZstTvr^  ’'ith 

the  image  and  the  tracine--r»ninf  wifi  ® P^'^ci' of  seeing 

more  frequently  otherwise -^and  henee^^”^^  dmtmctness,  the  case  is 

• to  be  baffled  b/ the  failnre’of  hi,  athmnt  Tt 

■ happen,  especially  when  the  Wollaqfrni  tv  ?”^P^  sometimes 

■ want  of  power  to  see  the  pined  is  dtl  to  fb that  the 

^ eye,  too  large  a part  of  it  beinj?  ovei  fhp  t Position  of  the 

a good  position  has  been  obtTin  pf?  fba  P^'^sm  itself.  When  once 

s^dily  as  possible,  until  the  tracincr  ^P®^® 

It  IS  essential  to  keep  in  view  that  fL  completed, 

of  the  tracing  and  th^t  of  the  obiect  ia  between  the  size 

the  eye  from  the  paper  ; and  hlnll  thatfffb^P  distance  of 

upon  a support  of  different  heif^hf  nv  fi  hlicrospope  be  placed 
depressed  by  a slight  inclination  +P®  ,^y®:Piece  'be  elevated  or 

be  altered. — This  it  is,  of  courso^ppnT^  i^^^  body,  the  scale  will 

8,  course^  peculiarly  important  to  bear  in 
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iiiind,  when  a series  of  tracings  is  being  made  of  any  set  of  objects, 
which  it  is  intended  to  delineate  on  a uniform  scale  ; or  when  the- 
Camera  Lucida  (or  any  similar  arrangement)  is  employed  for 
purpose  of  Micrometry.  All  that  is  requisite  to  turn  it  to  tms 
account,  is  an  accurately-divided  Stage-micrometer,  which,  being 
placed  in  the  position  of  the  object,  enables  the  observer  to  see  its- 
lines  projected  upon  the  surface  upon  which  he  has  drawn  his  out- 
line ; for  if  the  divisions  be  marked  upon  the  paper,  the  average  of 
several  taken,  and  the  paper  then  divided  by  paraUel  lines  at 
the  distance  thus  ascertamed  (the  spaces  being  sub^vided  by 
mediate  lines,  if  desirable),  a very  accura,te  scale  is  fumi^ed,  by 
which  the  dimensions  of  any  object  drawn  in  outline  under  the  same 
power  may  be  minutely  determined.  Thus,  if  the  divisions  of  a 
Stage-micrometer,  the  real  value  of  each  of  which  is  a 100th  of  an 
inch,  should  be  projected  on  the  paper  with  such  a magnifymg 
power  as  to  be  at  the  distance  of  an  inch  from  one  another,  it  is 
obvious  that  an  ordinary  inch-scale  applied  to  the  measurement  of 
an  outline,  would  give  its  dimensions  in  lOOths  of  an  mch,  whilst- 
each  tenth  of  that  scale  would  be  the  equivalent  of  a 1,000th  of  an 
inch.  When  a sufficient  magnifying  power  is  used,  and  the 
sions  of  the  image  are  measured  by  the  ‘ diagonal  scale  (which 
subdivides  the  inch  into  1000  parts),  great  accuracy  may  be 
obtained.  It  was  by  the  use  of  this  method,  that  Mr.  Gid^ei^ade- 
his  admirable  series  of  measurements  of  the  diameters  of  the  Ulooa- 
corpuscles  of  different  animals.— In  using  Nachet’s  vertical  Camera- 
for  Micrometry,  care  must  be  taken  so  to  adjust  the  slope  of  the 
drawing-board,  that  the  Micrometer  scale  shall  be  pro]ected  on  the- 

paper  -without  distortion.  u i.- 

96  Nose-piece. — It  is  continually  desirable  to  be  able  to  substi- 
tute one  Objective  for  another 

with  as  little  expenditure  of 
time  and  trouble  as  possible ; 
so  as  to  be  able  to  examine 
under  a higher  magnifying 
power  the  details  of  an  object 
of  which  a general  -view  has- 
been  obtained  by  means  of  a 
lower;  or  to  use  the  lower 
for  the  pu^ose  of  finding  a 
minute  object  (such  as  a par- 
ticular Diatom  in  the  midst 
of  a slide-full)  which  we  wish 
to  submit  -to  liigh  amplifica- 
tion. This  is  effected  by  the 
Nose-piece  of  Mr.  C.  Brooke, 
which,  being  screwed  into 
Swift’s  Improved  Nosc-piecc.  object-end  of  the  body  ol 

the  Microscope,  carries  two  Objectives,  either  of 
be  brought  into  position  by  tui-nlng  the  arm  on  a pivot.  In  its 


Fig.  71. 
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original  form,  the  arm  was  straight;  so  that  the  Objective  not  in  use 
•■was  often  brought  down  upon  the  Stage,  unless  the  relative  lengths 
of  the  two  objectives  were  specially  adjusted.  This  inconvenience  is 
mvoided,  however,  in  the  construction  adopted  by  Messrs.  Powell 
and  Lealand,  and  further  simplified  by  Mr.  Swift  (Pig.  71) ; the 
•bend  given  to  the  arm  having  the  effect  of  keeping  the  Objective 
mot  in  use  completely  off  the  stage. — The  working  Microscopist  will 
••scarcely  find  any  Accessoiy  more  practically  useful  to  him  than  this 
simple  piece  of  apparatus. 

_ 97.  Finders. — IMicroscopists  occasionally,  and  some  con- 
tinually, feel  the  need  of  a ready  means  of  finding,  upon  a glass 
slide,  the  particular  object,  or  portion  of  an  object,  which  they 
<lesire  to  bring  into  view ; and  various  contrivances  have  been 
•^*^fiS6sted  for  the  purpose.  Where  different  magnifying  powers 
^an  be  readily  substituted  one  for  another,  as  by  the  use  of  the 
Erector  (§  84)  or  of  the  Nose-piece,  no  special  means  are  required; 
•since,  when  the  object  has  been  found  by  a low  power,  and  brought 
into  the  centre  of  the  field,  it  is  rightly  placed  for  examination  by 
;any  other  Objective.  Even  this  slight  trouble,  however,  may  be  saved 
by  the  adoption  of  more  special  methods  ; among  the  simplest  of 
wWch  is  marhing  the  position  of  the  object  on  the  surface  of  the 
tMn  glass  which  covers  it.  The  readiest  mode  of  doing  this,  when  the 
-object  IS  large  enough  to  be  distinguished  by  the  naked  eye  or  under 
the  Simple  Microscope,  is  to  make  a small  ring  round  it  with  a fine 
•camel’s-hair  pencil  dipped  in  Asphalte,  or  Brunswick  black  (Indian 
ink  being  objectionable,  as  liable  to  be  washed-off  when  water-immev- 
Sion  Objectives  are  in  use) ; but  when  the  object  is  not  thus  visible,the 
slide  must  be  laid  in  position  pn  the  stage,  the  object  ‘ found’  in  the 
f if  Condenser  adjusted  to  give  a bright  and  defined  circle 

•or  hght,  and  then,  the  Microscope-body  being  -withdrawn,  the  black 
rmg  IS  to  be  marked  around  the  illuminated  spot.  This  method,  how- 
ever, has  the  disadvantage  of  concealing  any  other  objects  that  may 
■he  m close  proximity  to  the  one  around  which  the  circle  is  drawn  ; 
md  recourse  must  be  had  in  such  cases  to  some  other  plan. — 
ihe  Mechmiical  Sta,ge  may  be  easily  turned  to  account  as  eijinder, 

• Dv  en^avmg  upon  it  two  scales,  horizontal  and  vertical,  by  ivhich 

the  object^jlatform  may  be  exactly  set  to  any  desired  position  ; this 
^ V provided  with  a removable  ‘ stop’,  against 

wnich  the  glass  slide  (resting  on  its  lower  edge)  may  so  abut,  as 

ways  to  occupy  the  same  place  on  the  platform.  Now  supposing 
an  observer  to  be  examining  a newly-mounted  slide,  containing  any 

bn  .1-^1  likely  to  wish  "to  find  on  some  future  occasion, 

ne  nrst  lays  the  slide  on  the  object-platform,  with  its  lower  edge 

..nfi  abutting  against  the  lateral  stop, 

* r flic  object-platform  itself  to  the  zero  of  the  scales ; then, 

on  moving  the  slide  by  the  traversing  action,  he  meets 
particular  form  worthy  of  note,  he  reads-off  its  position 
pon  the  two  scales,  and  records  it  in  any  convenient  mode.  The 
a c may  be  divided  to  50ths  of  an  inch,  and  each  of  these  spaces 
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may  be  again  halved  by  the  eye ; and  the  record  may  perhaps  be- 
hest made  thus, — Triceratium  favus  the  ujjper  number  marking. 

the  ‘latitude’  o£  the  object  on  the  vertical  scale,  and  the  lower  its 
‘ longitude  ’ on  the  horizontal.  Whenever  the  Microscopist  may 
wish  again  to  bring  this  object  under  examination,  he  has  merely  to 
lay  the  slide  in  the  same  position  on  the  platform,  and  to  adjust  the 
platform  by  its  scales  according  to  the  recorded  numbers.* — The 
* finder  ’ most  commonly  used  is  that  invented  by  Mr.  Maltwood.f 
which  consists  of  a glass  sHde  3 inches  by  1|-  inch,  on  which  is  jyhoto- 
<]r applied  a scale  that  occupies  a square  inch  and  is  divided  by  hori- 
zontal and  vertical  lines  at  l-50th  of  an  inch  apart  into  2,600  squares, 
each  of  which  contains  two  numbers,  one  marking  its  ‘ latitude’  or 
place  in  the  vertical  series,  and  the  other  its  ‘ longitude’  or  place  in  the 
horizontal  series.  The  shde,’when  in  use,  should  rest  upon  the  ledge 
of  the  stage  of  the  Microscope,  and  be  made  to  abut  against  a stop- 
aboutl^inch  fromthe  centre  of  the  stage.— In  orderto  usethis ‘finder,’ 
the  Object-shde  must  be  laid  upon  the  Stage  in  such  a manner  as  to 
rest  upon  its  ledge  and  to  abut  against  the  stop ; and  when  some  par- 
ticular ob  j ect,  whose  place  it  is  desired  to  record,  has  been  brought  into 
the  field  of  view,  the  object-slide  being  removed  and  the  ‘ finder’ 
laid  down  in  its  place,  the  numbers  of  the  square  then  in  the  field 
are  to  be  read-oli’  and  recorded.  To  find  that  object  again  at  any 
time,  the  ‘ finder  ’ is  to  be  laid  in  its  place  on  the  _stage,_  and  the 
stage  moved  so  as  to  bring  the  recorded  number  into  view ; and 
the  object-slide  being  then  substituted  for  the  finder,  the  desired 
object  will  present  itself  in  the  field.  As  care  is  taken  in  the  pro- 
duction of  each  ‘ Maltwood,’  that  the  scale  shall  be  at  an  exact  dis- 
tance from  the  bottom  and  left-hand  end  of  the  glass-slide,  the 
Microscopist  may  thus  enable  any  other  observer  provided  with  a 
similar  ‘ finder  ’ to  bring  into  view  any  desired  object,  by  informing 
him  of  the  numbers  that  mark  its  latitude  and  longitude.  These 
numbers  may  either  be  marked  upon  the  object-slide  itself,  or 
recorded  in  a separate  list.j; 


* This  plan,  first  suggested  Mr.  Okeden,  might  be  adopted  with  so  littlo 
tvotiblo  or  expense  in  every  Microscope  possessed  of  a Mechanical  stage,  that 
it  would  bo  very  desirable  for  every  such  Microscope  to  be  furnished  with 
these  graduated  scales.  If  the  different  Makers  would  agree  to  use  the  l-50tli 
inch  scale.  Observers  at  a distance  from  one  another,  who  might  wish  to- 
examine  each  other’s  objects,  would  have  no.  difficulty  in  finding  them  by  the 
record  of  their  positions  accompanying  each  slide.  . 

f “ Transactions  of  the  Microscopical  Society,”  oN.S.  Vol.  vi.  (18o8),  p.  oJ. 

I The  only  drawback  to  the  utility  of  the  Maltwood  finder  lies  in  the  fact 
that  a single  square  more  than  covers  the  field  taken-iu  by  l-4th  Objective 
with  the  A eye-piece;  so  that  with  powers  many  times  as  great,  the  proper- - 
tion  of  the  square  viewed  at  once  is  so  small,  as  to  make  it  impossiblo- 
to  fix  the  place  of  the  object  ivitli  any  precision.  To  obviate  this  difficulty, 
Mr.  W.  Webb  proposes  a finder  ruled  with  lines  only  l-200th  of  an  inch  apart,. 
SO  as  to  divide  a square  of  only  3-4ths  of  an  inch  into  22,500  squares.  As  i 
would  be  impossible  to  mark  distinguishing  numerals  within  squares  of  suen. 
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98.  Diaphragms. — Every  Microscope  should  be  provided  with 
some  means  of  regulating  the  amount  of  light  sent  upwards  from 
the  Mirror  through  transparent  objects  under  examination.  This 
is  usually  accomplished  by  means  of  a Diaphragm-plate,  perforated 
by  apertures  of  different  sizes  (the  smallest  of  which  should  be  no 
larger  than  a pin-hole),  and  pivoted  to  a removable  fitting  attached 
to  the  under  side  of  the  Stage,  in  such  a manner  that  by  rotating 
the  plate,  either  of  the  apertures  can  be  brought  into  the  optic  axis 
of  the  instrument.  The  largest  of  its  apertures  should  be  made  to 
carry  a ground-glass  (so  fitted  as  to  be  removable  at  pleasure),  the 
use  of  which  is  to  diffuse  a soft  and  equable  light  over  the  field 
when  large  transparent  objects  are  under  examination  with  a low 
power ; while  between  the  smallest  and  the  largest  aperture  there 
^lould  be  an  unperfbrated  space,  to  serve  as  a dark  background  for 
Opaque  objects.  The  edge  of  the  Diaphragm-plate  should  be 
notched  at  certain  intervals,  and  a spring-catch  fitted  so  as  to  droj) 
mto  the  notches,  in  order  that  each  aperture  may  be  brought  into 
its  proper  central  position.  ^ When  the  Diaphragm-plate  is  used  to 
unprove  the  definition  .of  high  powers,  it  loses  much  of  its  value  if 
its  aperture  be  not  very  close  to  the  under  side  of  the  object-slide ; 
and  any  arrangement  which  sets  it  at  some  distance  beneath  the 
stage  IS  consequently  objectionable.  Its  best  position  is  in  the 
thickness  of  the  stage,  which,  for  receiving  it,  is  made  of  two  plates 
screwed  together. — A different  arrangement  may  be  adopted  with 
^vantage,  when  the  Stage  is  provided  with  a cylindrical  fitting  for 
the  reception  of  lUimiinating  and  Polarizing  apparatus.  A short 
ube  shding  into  this  may  carry  a shoulder  at  its  upper  end,  upon 
which  may  be  fitted  two  or  more  caps  with  apertures  of  different 
sizes,  so  that  these  perforated  caps  may  be  either  pushed  up  flush 
with  the  surface  of  the  stage,  or  may  be  lowered  to  any  distance 
beneath  it,  according  as  the  best  effect  is  produced.  A ground-glass 
lor  diffusing  light  may  also  be  adapted  to  lie  on  the  shoulder  in  the 
place ot  the  perforated  caps;  and  there  should  also  be  an  unper- 
toiated  cap  to  serve  as  aback-ground  to  opaque  objects.— Such  great 
advantage  is  often  derivable  from  a gradational  modification  of  the 
i^ht,  that  the  Microscopist  who  desires  to  avail  himself  of  this 
Jill  do  weU  to_  provide  himself  with  one  of  the  forms  of  graduatimq 
J,  recently  introduced.  That  long  ago 

to  DoUond  for  Telescopic  purposes  is  equally  applicable 

its  aperture  is  square, 
nstead  ot  round,  not  constitutmg  any  practical  objection  to  its  use. 

uto  ‘ Ton  Hn  ^“t®rvals,  so  as  to  divide  the  whole  area 

le.scribed  n bwifo  l?i  t ® ’•  individual  square  can  bo  easily 

“ JoT™  of  Ilov  ^Tioro«  (2)  by  its  position  in  that  bloclc 

1*0  sSlicitv  Soc.,-  Vol.  iii  1880,  p.  750).-To  those  who  prefer 

1*0  Author  would  numbering  of  each  square  iu  the  Maltwood  lindor, 

l*ol-4th  Objective  may  bo  always ‘found’  by  it  with 

•hject  will  Ho  wilhin  r bryuglit  mto  the  centre  of  Hi  field,  the 
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Fig.  74. 


aiTangement  of  stops.  The  Diaphragm-plate  being  perforated  by 
apertures  of  different  sizes,  the  largest  of  these  (which  transmits 
the  entire  iiencil)  can  be  partially  closed  by  centric  or  excentric 
stops  attached  to  a separate  arm,  any  one  of  which  can  be  brought 
into  the  optic  axis ; and  thus,  whilst  the  graduated  apertures  of 
the  diapliragm-plate  limit  the  peripheral  portion  of  the  pencil,  the 
stops  cut  off  its  central,  allowing  the  transmission  either  of  its 
entire  peripheral  portion,  or  of  the  rays  proceeding  only  from  some 
special  part  or  parts  of  it.  The  same  eminent  makers  have  lately 
introduced  a Non-achromatic  Oil-immersion  Condenser ; which,  at 
a much  lower  cost,  serves  for  the  resolution  of  the  most  difficult 
tests,  their  illumination  by  coloured  rays  not  being  found  practically 
objectionable. — In  the  Achromatic  Condenser  now  made  by  Messrs. 
Eoss,  extreme  obliquity  of  the  illuminating  rays  is  not  provided  for. 
this  being  obtained  by  means  of  their 
‘ swinging  tail-piece  ’ (§  72).  Its  com- 
bination has  a focus  of  about  4-lOths 
inch ; and  beneath  its  back-lens,  which 
has  an  aperture  of  half  an  inch,  is  an 
Iris-diaphragm  for  reducing  it  in  any 
desired  degi-ee,  with  a rotating  Dia- 
phragm-plate having  a set  of  stops 
adapted  to  limit  the  aperture  and  to 
give  a ‘ black-ground  ’ Illumination 
under  objectives  of  different  angular 
apertures. — Messrs.  Beck  have  re- 
cently introduced  a new  Achromatic 
Condenser  with  a front  revolving  ex- 
centricaUy  (Fig.  74),  by  which  means 
its  focus  may  be  varied,  and  a ‘ black- 
ground  ’ illumination  may  be  obtained 
suitable  for  objectives  having  angles  as  high  as  120°. 

100.  Webster  Condenser. — Though  the  original  idea  of  the 
arr^gement  which  has  come  into  general  use  under  this 
designation,  and  which  is  at  the  same  time  comparatively  inex- 
pensive and  applicable  to  a great  variety  of  purposes,  was  given  by 
i\Lr.  A Webster  (“  Science  Gossip,”  April  1, 1865),  it  has  received 
important  modifications  at  the  hands  of  the  Opticians  by  whom  the 
instrument  ^ is  manufactured ; and  has,  perhaps,  not  even  yet 
undergone  its  full  development.  In  its  present  form  the  arrange- 
ment  ot  the  lenses  strongly  resembles  that  used  in  the  KeUner 
oye-piece  (§  28) ; the  field-glass  of  the  latter  serving  as  a condenser 
receive  the  cone  of  rays  reflected  upwards  from  the  mirror,  and 
e upon  a smaller  Achromatic  combination,  which 

f ^ double-convex  lens  of  crown,  with  a plano-convex  lens 

u mnt,  the  plane  side  of  the  latter  being  next  the  object.  These 

and  deep  curvature;  so  that  when  their 
nhn  stopped-out,  the  rays  transmitted  from  their  peri- 

fa  portion  meet  at  a wide  angle  of  convergence,  and  have  tlie 


Beck’s  New  Achromatic 
Condenser. 
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Fig.  75. 


effect  of  those  transmitted  through  the  peripheral  portion  of  the- 
ordinary  Achromatic  Condenser.  When,  on  the  other  hand,  this 
combination  is  used  with  a diaphragm  that  allows  only  the  central 
rays  to  pass,  these  rays  meet  at  a small  angle ; and  the  illumination 
thus  given  is  very  suitable  for  objects  viewed  with  low  powers. 
Again,  by  stopping-out  the  central  portion  of  the  combination,  and 
removing  the  Condenser  to  a short  distance  beneath  the  object,  the 
effect  of  a ‘ black-ground  ’ illumination  (§  104)  can  be  very  satis- 
factorily obtained  with  Objectives  of  low  or  moderate  angular 
aperture.  Further,  by  stopping-out  not  only  the  central  but  also  a 
great  part  of  the  peripheral  rays,  so  as  only  to  alio w_ the  light  to 
enter  from  a small  portion  or  portions  of  the  margin,  illumination 
of  considerable  obliquity  can  be  obtained.  All  this  can  be  provided, 
for  by  a Diaphragm-plate  made  to  rotate  at  as  short  a distance  as 
possible  beneath  the  condensing-lens ; but  as  the  number  of 
apertures  in  this  plate  is  necessarily  limited,  a greater  variety  is 
obtained  by  the  use  of  a Graduating  Diaphragm  (§  98)  for  the  regu- 
lation of  the  centric  aperture^ 
and  by  making  the  apertures 
in  the  rotating  plate  subser- 
vient to  the  other  purposes 
already  named,  as  is  done  in 
the  arrangement  of  klr.  Col- 
lins (Fig.  75). — Stiff  greater 
variety  can  be  obtained  by 
substituting  for  the  Dia- 
phragm-plate a short  tube 
sliding  witliin  the  one  that 
carries  the  lenses ; its  summit 
being  furnished  with  a socket 
into  which  may  be  inserted  a 
diaphragm  of  blackened  card 
or  of  thin  metal,  with  an  aper- 
ture or  apertures  of  any  shape 
or  size  that  may  be  desired. 
In  tliis  manner  the  diaphragm  may  be  carried  up  quite  close  to_  the 
condensing  lens,  which  is  a great  advantage  ; and  when  oblique 
illumination  is  desired,  the  light  may  be  transmitted  from  any 
azhnuth,  by  giving  rotation  to  the  tube  carrying  a diaphragm  with 
a marginal  aperture. — The  Webster  Condenser  thus_  improved 
(which  may  also  be  used  in  combination  with  the  Polariscope)  will 
be  found  one  of  the  most  universaffy-useful  accessories  with  wluch 
a Student’s  Microscope  can  be  provided.* 

* A form  of  Condenser  specially  adapted  for  very  oblique  and  also  for 
‘ black-pp-ound’  illumination  was  devised  a few  years  ago  by  I’rof.  Abbe  of  Jena 
(“  Monthly  Microsc.  Journ.,”  Vol.  xiii.,  1875,  p.  77),  and  has  since  been  speciaUy 
adapted  by  bim  for  use  with  ‘ homogeneous  immersion’  objectives,  being  httea 
to  the  Microscope-stands  constructed  by  Zeiss;  but  not  being  found 
applicable  to  Microscopes  of  the  ordinary  English  models,  it  has  not  been  toKoit 


Webster’s  Condenser,  fitted  with  Collins’s 
Graduating  Diaphragm. 
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101.  Oblique  Uluminators. — The  extremely  oblique  illumination- 
quired  for  the  resolution  of  the  more  difficult  lined  ‘ tests,’  may  be 
provided,  as  has  been  shown,  either  by  the  employment  of  a Conden- 
ser of  very  wide  angular  aperture  (§  99) ; or  by  giving  to  the  whole- 
illuminating  apparatus  (as  originally  suggested  by  Mr.  Grubb,  of 
Dubhn)  a position  of  such  obliquity  to  the  optic  axis  of  the  Micro- 
scope, that  even  its  axial  ray  shall  fall  upon  the  object-slide  at  a 
very  low  inclination— as  in  the  Eoss-Zentmayer  Microscopes. 
(§§  _59,  72),  and  in  the  arrangements  of  Messrs.  Beck  (§  75)  and  Mr. 
Sv^t  (§  68).  It  is  considered  by  Mr.  Wenham  that  there  is  no- 
better  method  of  utilizing  this  arrangement,  than  by  making  the 
Sub-stage  carry  an  ordinary  Objective  of  about  1-inch  focus,  and 
trowing  its  pencil  upon  a hemispherical  lens  of  half  an  inch 
diameter,  the  plane  side  of  which  has  a film  of  glycerine  interposed 
between  itself  and  the  object-slide.  The  lens  may  either  be  held 
in  this  position  by  its  own  adhesion,  or  it  may  be  so  fitted  into  a 
thin  stage,  that  its  plain  surface  shall  lie  flush  with  the  surface  of 
the  object-platform,  Tliis  (as  also  the  Disk-Illuminator  to  be  next 
described)  may  be  made  to  work  well  with  any  form  of  Students’ 
Microscope,  which,  like  Wale’s  (§  60),  has  a thin  stage  and  a mirror  so 
swung  as  to  be  capable  of  reflecting  rays  of  great  obliquity. — For 
the  illumination  of  objects  by  a line  of  light  throvm  upon  them  very 
obhquely,  Mr.  Wenham  has  devised  the  simple  Dluminator  shown  in 
Fig.  76._  This  consists  of  a semi-circular  disk  of  glass  (somewhat 
resembhng  ^ the  half  of  a button)  of  half  an  inch  in  diameter,  the 
sides  of  which  are  flattened,  while  the  circular  edge  is  rounded  and 
well  pohshed  to  a transverse  radius 
of  1-lOth  of  an  inch.  This  concentrates 
the  hght  thrown  upon  any  part  of  its 
circumference,  upon  an  object  mounted 
on  a sHde  of  the  usnal  thickness,  with 
whose  under  side  it  is  brought  into  im- 
mersion-contact by  the  intervention  of 
either  water,  glycerine,  or  a more  re- 
fractive oil.  As  it  should  be  so  fitted 
to  the  Microscope  as  to  illuminate  the 

0 yect  riom  any  azimuth,  it  should  have  its  flat  sides  grasped  in  a 
0 p,  which  rnay  either  be  mounted  on  the  Sub-stage,  or  attached  to 
un  er  side  of  the  Stage — in  either  case  having  its  diametric  section 
oroimht  up  to  the  under  surface  of  the  object-slide.  By  giving 
rotation  to  the  object,  the  illuminator  remaining  fixed,  the  illumina- 
1 ,^3/y  be  made  to  cross  the  former  in  any  direction  that  is 

nttecl  to  bring  out  its  markings.  With  this  simple  lUuminator,  even 
npLeura  ‘pellucida  may  be  resolved  without  the  aid  of  a Con- 

It  seems  to  the  Author,  however,  tliat  the 
hif  Hin  ^ any  degree  of  excentricity  can  bo  given  to  the  aperturea 

<^'lmits  of,  might,  in  combination  with  the  Iris- 
or^the1S,/tV,/dT^Sgm.“a^^  substituted 


Fig.  76. 


Wenham’s  Disk-Illuminator. 
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denser,  the  mirror  alone  sufficing.* — Another  simple  and  effective 
^appliance  for  the  same  purpose,  is  the  W oodward  Prism : a small 
obtuse-angled  triangle  of  glass,  whose  long  face  must  be  brought 
into  immersion- contact  with  the  object-slide  by  a film  of  interposed 
glycerine.  Originally  devised  as  a right-angled  prism,  it  was 
suited  only  for  the  illumination  of  objects  seen  under  immersion 
Objectives  of  widest  angular  aperture  ; but  by  reducing  its  oblique 
•angles  to  less  than  45°,  so  as  to  open-out  the  two  equal  sides,  it 
may  be  adapted  to  Objectives  of  much  smaller  aperture.  In  using 
it,  the  light  is  made  to  enter  one  of  the  oblique  facets  perpendicu- 
larly to  its  surface  ; and  by  looking  in  the  like  direction  through  the 
other  side  of  the  prism,  the  observer  can  see  when  the  face  of  the 
object  is  best  illuminated,  by  the  rays  reflected  on  it  from  the  inner 
surface  of  that  facet. — This  prism  can  be  made  to  hang  to  the 
under  surface  of  the  object-slide  by  the  film  of  interposed  glycerme ; 
but  as  it  is  very  apt  to  slip  when  the  microscope  is  iuclined,  and  as 
its  fuU  advantage  can  only  be  obtained  when  the  object  is  made  to 
rotate  so  as  to  meet  the  illuminating  beam  in  every  a,zimuth,  it 
should  be  mounted,  like  the  Disk-illuminator  just  described,  m an 

independent  fitting.f  . r 4. 

102.  The  Amici  Prism,  which  causes  the  rays  to  be  at  once 
reflected  by  a plane  surface  and  concentrated  by  lenticular  surfaces, 
•so  as  to  answer  the  purpose  of  Mirror  and  Condenser  at  the  s^e 
time,  is  much  approved  by  many  who  have  used  it.  Such  a Pnsm 
may  be  either  mounted  on  a separate  base,  or  attached  to  some 
part  of  the  Microscope-stand.  The  mounting  shown  in  Fig.  '7,  is 
:a  verv  simple  and  convenient  one ; this  consists  in  attaching  the 

frame  of  the  prism  to  a sliding  bar, 
PiR.  77.  which  works  in  dovetail  grooves 

on  the  top  of  a cap  that  may  be 
set  on  the  ‘ secondary  body  ’ be- 
neath the  stage ; the  slide  serves 
to  regulate  the  distance  of  the 
prism  from  the  axis  of  the  mi- 
croscope, and  consequently  the  ob- 
liquity of  the  illumination ; whilst 
its  distance  beneath  the  stage  is 
adjusted  by  the  rack-movement 
of  the  cylindrical  fitting.  In  this 
Amici’s  Prism.  manner,  an  illuminating  pencff  of 

almost  any  degree  of  obhquiyy 

That  is  permitted  by  the  construction  of  the  Stage  may  be  rea^y 
obtained ; but  there  is  no  provision  for  the  correction  of  its  ae- 
rations. In  order  to  use  this  oblique  illumination  to  the  greatest 
advantage,  either'  the  pnsm  or  the  object  should  be 
rotate,  thus  causing  the  oblique  rays  to  fall  upon  the  latter  f 

* For  tho  mode  of  constructing  this  Illuminator,  see  “Journ.  of  Roy. 

!Kficrosc.  Soc.”  Vol.  iii.  (1880)  P 146. 

t Ibid.,  Vol.  I.  (18/8),  p. 
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every  azimuth  in  succession,  so  as  to  brinn  out  all  its  markine-s- 
{§  145).  _ ^ 

103.  Black-Ground  Illuminators. — When  the  rays  are  directed 
with  such  obliquity  as  not  to  be  received  into  the  Object-glass  at 
all,  but  are  sufficiently  retained  by  the  Object  to  render  it  (so  to 
speak)  seh-luminous,  we  have  what  is  known  as  the  hlach-groiind 
illumination.  For  low  powers  whose  angular  aperture  is'  small, 
and  for  such  objects  as  do  not  require  any  more  special  provision,^ 
a sufficiently  good  ‘ black-ground ' illumination  may  be  obtained  by 
turning  the  concave  Mirror  as  far  as  possible  out  of  the  axis  of  the 
microscope,  especially  if  it  be  so  mounted  as  to  be  capable  of  a more 
than  ordinary  degree  of  obliquity.  In  this  manner  it  is  often 
possible,  not  merely  to  bmg  into  view  features  of  structure  that 
might  not  otherwise  be  distinguishable,  but  to  see  bodies  of  extreme- 
transparence  (such,  for  instance,  as  very  minute  Animalcules)  that 
are  not  visible  when  the  field  is  fiooded  (so  to  speak)  by  direct  lio-ht; 
the^  presenting  the  beautiful  spectacle  of  phosphorescent  points 
rapidly  sailing  through  a dark  ocean.  It  is  one  of  the  great 
advantages  of  this  kind  of  illumination,  that,  as  the  light  radiates 
from  each  part  of  the  object  as  its  proper  source,  instead  of  merely 
•passing  through  it  from  a more  remote  source,  its  dififerent  parts  are 
seen  much  more  in  their  normal  relations  to  one  another,  and  it 
acq^es  far  more  of  the  aspect  of  solidity.  The  rationale  of  this  is 
ea^y  made  apparent,  by  holding  up  a glass  vessel  with  a figured 
surface  m front  of  a lamp  or  a window,  at  some  distance  from  the 
eye,  so  that  it  is  seen  by  transmitted  light  alone ; for  the  figures  of 
its  two  surfaces  are  then  so  blended  together,  that  unless  their  form 
and  chstnbution  be  previously  known,  it  can  scarcely  be  said  with 
certamty  winch  markmgs  belong  to  either.  If,  on  the  other  hand, 
^ opaque  body  be  so  placed  behind  the  vessel  that  no  rays  are- 
transmitted  directly  through  it,  whilst  it  receives  adequate  illu- 
^ation  from  the  hght  around,  its  form  is  clearly  discerned,  and 
the  two  surfaces  are  distinguished  without  the  least  difficulty 

104.  A simple  method  of  obtaining  ‘black-ground’  murnination,, 
which  works  weU  mth  objectives  of  low  power  and  small  angular 
aperture,^consists  in  fixing  into  the  top  of  a short  tube  that  slides 
into  the  cyhndncal  fitting  ’ usually  carried  beneath  the  stage  in 
^ducational and  Students’  Microscopes,  a small  ‘bull’s-eye  ’ lenl  the 

uppermost)  has  its  central  portion- 
covered  by  a black  spot  Wien  hght  reflected  by  the  mirrm-  falls 

Spot-Lens,  only  the  rays  that  fall  on  its 
^ allowed  to  pass ; and  these,  owing  to  its  high 

in  T refracted  inwards,  as  to  cross  each  other 

focussed  for  it),  and  then  diverge 
sufficiently  wide  to  pass  beyond  the  margin  of  the 
i’  ^'■'^^smitted  by  the  Paraboloid  to  be  presently 

the  field  is  left  dark  ; whilst 
nuV  it  a luminosity  of  its  own.— 

Lhe  same  effect  is  gained  by  the  use  of  the  Webster  Condenser 
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'(§  100)  with  a central  stop  placed  immediately  behind  the  lower 
lens  or  upon  the  flat  surface  of  the  upper. — Neither  of  the  foregoing 
plans,  however,  will  answer  well  for  Objectives  of  high  power, 
having  such  large  angles  of  aperture  that  the  light  must  fall  very 
obliquely  to  pass  beyond  them  altogether.  Thus  if  the  pencil  formed 
by  the  ‘ spot-lens  ’ have  an  angle  of  50°,  its  rays  will  enter  a 4-lOths 
’Objective  of  60°,  and  the  field  will  not  be  darkened. 

105.  A greater  degree  of  obliquity,  suited  to  afford  ‘black-groimd  ’ 
illumination  with  Objectives  of  larger  angular  aperture,  may  be 
obtained  by  the  use  of  the  Parabolic  Illuminator*  (Fig.  78) ; which 
consists  of  a Paraboloid  of  glass  that  reflects  to  its  focus  the  • rays 
which  fall  upon  its  internal  surface.  A diagrammatic  section  of 
this  instrument,  showing  the  course  of  the  rays  through  it,  is  given 
in  Fig.  79,  the  shaded  portion  representing  the  Paraboloid.  The 


Fig.  79. 


parallel  rays  r r'  r",  entering  its  lower  surface  perpendicularly,  pass 
on  until  they  meet  its  parabolic  surface,  on  wliich  they  fall  at 
such  an  angle  as  to  be  totally  reflected  by  it  (§  2),  and  are  all  directed 
towards  its  focus,  p.  The  top  of  the  Paraboloid  being  ground  out 
into  a spherical  curve  of  which  p is  the  centre,  the  rays  in  emerging 
from  it  undergo  no  refraction,  since  each  falls  perpendicularly  upon 
the  part  of  the  surface  through  wliich  it  passes.  A stop  placed  at 

♦ A Parabolic  Illuminator  was  first  devised  by  Mr.  Wenham,  who,  however, 
employed  a Silver  speculum  for  the  purpose.  About  the  same  time  Mr. 
Shadbolt  devised  an  Annular  Condenser  of  Glass  for  the  same  purpose  (sec 
“Transact,  of  Microsc.  Soc.,”  Ser.I.,  Vol,  iii.,  1862,  pp.  85,  132).  The  two 
principles  are  combined  in  the  Glass  Paraboloid. 
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prevents  any  of  the  rays  reflected  upwards  by  the  mirror  from 
passing  to  the  object,  which,  being  placed  at  r,  is  illuminated  by 
the  rays  reflected  into  it  from  all  sides  of  the  Paraboloid.  Those 
rays  which  pass  through  it  diverge  again  at  various  angles ; and  if 
the  least  of  these,  o f h,  be  greater  than  the  angle  of  aperture  of 
the  Object-glass,  none  of  them  can  enter  it.  The  stop  s,  is  attached 
to  a stem  of  wire,  which  passes  vertically  through  the  Paraboloid 
and  terminates  in  a knob  beneath,  as  shown  in  Pig.  78 ; and  by 
nieans  of  this  it  may  be  pushed  upwards  so  as  to  cut  ofi*’  the  less 
divergent  rays  in  their  passage  towards  the  object,  thus  riving 
a black-ground  illumination  with  Objectives  of  an' angle  of  aperture 
much  wider  than  g p h.— In  using  the  Paraboloid  for  delicate 
objects,  the  rays  which  are  made  to  enter  it  should  be  parallel,  con- 
sequently the  -plane  MiiTor  should  always  be  employed ; and  when, 
instead  of  the  parallel  rays  of  daylight,  we  are  obhged  to  use  the 
■diverging  rays  of  a lamp,  these  should  be  rendered  as  parallel  as 
possible,  previously  to  their  reflexion  from  the  mirror,  by  the  inter- 
position of  the  ‘ buU’s-eye  ’ Condenser  (Fig.  87)  so  adjusted  as  to 
produce  this  effect.  There  are  many  cases,  however,  in  which  the 
stronger  light  of  the  concave  Mirror  is  preferable.— MTien  it  is 
desired  that  the  light  should  fall  on  the  object  from  one  side  only 
the  circular  opening  at  the  bottom  of  the  wide  tube  (Fig,  78)  that 
carries  the  Paraboloid,  may  be  fitted  with  a diaphragm  adapted  to 
cover  all  but  a certain  portion  of  it;  and  by  giving  rotation  to  this 
diaphragm,  rays  of  great  obliquity -may  be  made  to  faU  upon  the 
obiect  from  every  azimuth  in  succession.*— A small  glass  cone, 
with  the  apex  downwards,  and  the  base  somewhat  convex,  with  a 
stop  m the  centre,  is  fitted  by  MM.  Nachet  to  their  Microscopes  for 
: the  same  pui-pose  ; and  performs  very  effectively. 

106.  In  order  to  adapt  the  Paraboloid  for  black-ground  illumi- 
nation under  Objectives  of  wide  angle  of  aperture,  Mr.  Wenhamf 
long  smce  constructed  a.  flat-topped  paraboloid,  fitted  to  reflect  only 
rays  of  such  extreme  obliquity,  that  they  would  not  pass  out  of  the 

■ Hat  surface  of  the  paraboloid  into  the  under  surface  of  the  slide 

. unless  a film  of  either  water  or  of  some  liquid  of  higher  refractive 
index  (such  as  turpentine,  or  oil  of  cloves)  was  interposed  between 
them.  When  thus  eiiabled  to  enter  the  slide,  these  rays  pass  on 
mtil  they  meet  the  cover,  from  which  (in  the  case  of  diw-front 
>b|ectives)  they  are  reflected  downwards  upon  the  surface  of  the 
; >bject,  givmg  it  a bright  iUumination  on  a perfectly  dark  field, 
'-he  special  value  of  this  instrument,  however,  not  being  then 

■ inderstood,  it  was  not  constructed  for  sale.— The  same  principle 
I'lowever,  having  been  more  recently  taken  up  by  Dr.  Edmumls! 

Immersion  Paraboloid  specially  devised  by  him  for  use  with 

iefoSj?.?  Objeotivc,.  Soo  Jo„ra.  of  Roj. 

t “Transact,  of  Microsc.  Woe.,’’  N.S.  Vol.  iv.  (180C)  p.  59. 
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immersion  Objectives  of  large  aperture,  has  been  constructed  by- 
Messrs.  Powell  & Lealand,  with  results  so  satisfactory,  that  it  now 
ranks  among  the  Accessories  most  valued  by  such  as  habitually 
work  -with  Objectives  of  that  highest  class.* 

107.  Wenliam's  Bejlex  Illuminator. — Another  veiy  ingenious  and 
valuable  illuminator  for  high  powers  has  been  devised  by  Mr.  Wen- 
ham,t  and  constructed  by  Messrs.  Ross.  It  is  composed  of  a glass 
cylinder  (Fig.  80,  a)  half-an-inch  long,  and  four-tenths  of  an  inch 
in  diameter ; one  side  of  which,  startmg  from  the  bottom  edge,  is 
worked  to  a polished  face  at  an  angle  of  64°  with  the  base.  The 
top  of  the  cylinder  is  polished  flat,  whilst  its  lower  surface  is  con- 
vex, being  polished  to  a radius  of  4-lOths  of  an  inch ; close  beneath 

this  last  is  set  a plano- 


Fig. 


Wenham’s  Reflex  Illuminator. 


convex  lens  of  l:|-inch 
focus  ; and  the  com- 
bination is  set  excen- 
tricaUy  in  a fltting,  i i, 
adapted  to  be  received 
into  the  Sub-stage. 
The  parallel  rays,  ///, 
reflected  up  into  it  from 
the  mirror,  are  made 
to  converge,  by  the 
convex  surfaces  at  the 
base  of  the  cylinder, 
at  such  an  angle,  that 
if  their  course  were  con- 
tinued through  glass 
they  would  meet  at 
the  point  h,  above  the 
glass  slide  c;  but  by 
impinging  on  the  in- 
clined poHshed  surface, 
they  are  reflected  to 
the  flat  segmental  top, 
from  which  again  they 
would  be  reflected  ol^ 
liquely  downwards  so 
as  to  meet  in  the  point 
h,  but  for  its  being 
brought  iuto  ‘ immer- 
sion-contact ’ with ‘the 
under  side  of  the 
slide.  Passingupwards 
through  the  slide,  they 


meet  in  a point,  g,  a little  above  its  upper  surface,  in  the  optic  axis 
of  the  Microscope,  to  which  point  the  object  must  be  brought ; and 
l)y  giving  rotation  either  to  the  object  or  to  the  Illuminator,  it  may 
♦ “ Monthly  Jonm.  of  Microsc.  Sci.,”  Vol.  xviii.,  p.  78.  t Ibid.  Vol.  vii.,  p.  239. 
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■Ibe  illTmiinatcd  from  every  azimuth.  For  convenience  of  centering, 
a black  half-cylinder  e,  is  so  fixed  by  the  side  of  the  cylinder,  that 
if  a dot  upon  its  upper  surface  be  brought  into  the  centre  of  the 
I field  of  view  of  a low-power  objective,  its  focus  g,  will  lie  in  the 
optic  axis.— Some  skill  and  practice  are  required  to  use  this  appa- 
ratus to  advantage,  but  it  will  amply  repay  the  trouble  of  mastering 
its  difficulties.  It  is  best  suited  to  thin  flat  objects ; with  those 
that  are  thick  and  irregular,  distortion  is  unavoidable.  Although 
specially  designed  as  a ‘ black-ground  ’ illuminator,  it  may  also  be 
made  useful  in  the  resolution  of  difficult  Test-objects  by  transmitted 
light,*  the  illuminator  being  lowered  until  a eoloured  spectrum 
appears  in  the  field,  the  rays  of  which  bring  out  their  markings 
I with  remarkable  distinctness. — For  use  with  either  of  these  arrange- 
ments for  ‘ black-ground  ’ illumination,  it  is  better  that  the  objects 
, should  be  mounted  ‘ dry,’  especially  when  they  are  to  be  viewed 
1 imder  ‘immersion’  objectives  ; balsam-mounted  objects  being  thus 
; i seen  better  with  dry-front  objectives. 

i 108.  "^e  following  directions  are  given  by  Mr.  Schulze  (“English 
I Mechanic,  ’ 1877,  Mo.  661)  for  the  use  of  the  two  illuminators  last 
described First,  rack  tip  the  Sub-stage,  until  the  plane  top  of 

!the  illummator  is  level  with  the  stage ; centre  carefully ; put  a drop 
or  two  of  glycerine  on  the  under  side  of  the  slide,  taking  care  that 
no  air-bells  are  formed  ; and  place  the  slide  on  the  stage.  If,  now, 
rays  parallel  to  the  optic  axis  are  thrown  up  by  the  plane  mirror  or 
rectangifiar  prism,  a lummous  spot  will  appear  on  the  slide  if  an 
object  hes  in  the  optic  axis.  Mext  focus ; and  by  adjusting  the 
mm-or  or  rectangular  prism  more  carefully,  the  object  will  be 

bnlhantly  illuminated  by  very  oblique  rays  on  a black  ground 

.1  generally  use  one  of  How’s  common  Microscope  lamps  fiUed 
\ with  good  paraffin  oil,  and  having  a wick  half  an  inch  broad  ; but 
\ ®”he  highest  powers  I have  recourse  to  the  Ballinger  lamp  (§  131). 
rfter  I have  obtained  the  best  results,  I interpolate  a bull’s-eye 
condenser  to  increase  the  light,  focussing  carefully  a miniature 
'■  flame  on  the  sHde.  I invariably  use  the  narrow  side 

I A the  flame  turned  towards  the  mirror  or  prism,  when  resolving 
ined  tests.  _ It  is,  however,  by  sunlight  that  the  performances  oi‘ 
•tie  immersion  Paraboloid  and  Eeflex  Illuminator  seem  to  eclipse 
•ny  resolution  that  can  be  obtained  by  transmitted  light.”  [This 

flad  found  out  the  mode  of  working 


1 i 1 dark 


; n-  , - jjuuji  i^uixuiiu  equally  wen 

ground  by  sunlight ; but  the  Reflex  Illuminator  can  also 

3 ' U8GU  OH  bcllSHTllGcl  S\T\c\  wi+.Tn  1 TYl  TV1  1 J-lrt 
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109.  Light-Modifiars. — For  (1)  reducing  the  intensity  either  of 
Solar-light  or  Lamp-light,  (2)  for  correcting  the  yellowness  of  the 
latter,  and  (3)  for  the  equable  diffusion  of  either  light  over  a large 
field,  it  is  often  convenient  to  employ  inteiq^osed  media,  the  nature 
of  which  must  be  varied  according  to  the  particular  purpose  to 
be  attained.— The  direct  rays  of  the  Sun  are  very  little  employed 


by  Mcroscopists,  except  for  Photography  or  some  other  special  pur- 
pose. But  when  recourse  is  had  to  them  ii 


pose,  -but  wnen  recourse  is  naa  to  tnem  in  ordinary  Microscopy, 
it  is  well  to  take  advantage  of  ‘ Rainey’s  Light-modifier,’  which  is 
a combination  of  one  thickness  of  dark-blue  glass  free  from  any 
tint  of  red,  another  of  very  pale  blue  with  a shght  shade  of  green, 
and  two  of  thick  white  plate-glass,  all  cemented  together  by  Canada 
balsam.  This  is  mounted  by  Messrs.  Powell  and  Lealand  on  a 
separate  stand ; and  may  be  used  with  Lamp-light  as  with  sim- 
light. — Some  observers  use  Lamp-chimneys  of  either  neutral-tint 
or  blueish  glass  for  the  purpose  of  moderating  the  glare  of  the 
flame  or  of  correcting  its  yellowness  ; but  as  the  chimney  cannot 
be  conveniently  changed  whenever  the  full  light  is  required,  the 
Author  much  prefers  making  such  ‘ light-modifiers’  a part  of  the 
Illuminating  apparatus  attached  to  the  Microscope  itself  ; ^ and  this 
may  be  done  in  different  modes,  according  to  the  construction  of  the 
instrument.  Thus,  when  the  Webster  Condenser  (§100)  is  in  use,  it 
maybe  furnished  with  three  caps  made  to  slide  upon  its  njjper  portion; 
oneof  them  fitted  with  a disk  of  blue-glass,  second  with  one  of  neutral- 
tint  glass,  and  the  third  with  a finely-ground  glass.  .Ajid  in  Swift’s 
Combination  Sub-stage  (§  112)  similar  disks  may  be  made  to  drop 
into  the  openings  of  the  rotating  plate  ; so  that  one  may  readily 
be  changed  for  another,  or,  if  all  three  be  placed  in  the  plate  at  once. 


I 


an  object  may  be  examined  under ^ny  one  of  them  by  merely  ^rota 


ting  the  plate.  Every  ordinary  Diaphragm-plate  (§  98)  ought  to 


have  its  largest  aperture  fitted,  by  means  of  a projecting  shoulder, 
to  carry  such  a set  of  disks.— The  three  arms  on  which  the  rotating 
Selenites  are  attached  to  the  Sub-stage  of  Messrs.  Beck’s  First- 
class  Microscope  (Fig.  82),  may  be  fitted  with  similar  disks,  each  of 
which  may  then  be  used  either  separately  or  iu  combination  with  one  > 
or  both  of  the  others. — Every  ‘ Light-modifier’  should  be  so  con-i 
stnicted  and  worked,  that  the  hght  should  be  made  as  nearly  as^ 
possible  to  resemble  that  of  a bright  white  cloud.  For  this  purpose^ 
a white-cloud  Reflector  may  be  easily  made — either  flat,  by  castini 
a Plaster  of  Paris  disk  upon  the  plane  surface  of  the  mirror— o 
concave,  by  casting  it  on  the  surface  of  a glass  globe ; the  light  re 
fleeted  from  the  surface  of  the  plaster  requiring  to  be  condensec 
for  the  illumination  of  small  objects.— Very  pleasant  white-clom 
effects  may  be  obtained  by  methods  adopted  by  Mr.  Slack.  1 o 
large  objects,  viewed  with  powers  of  1 to  4 inches,  he  places  unde 
the  stage  a tube  holding  a large  disk  (1-J-inch  diameter)  of  gronm 
glass,  the  ground  surluce  being  protected  by  a plain  glass  cove 
over  it.  By  this  means  the  pecuhar  tint  of  the  freshly  ground 
surface  is  permaucntly  vetaiued.  For  2-I5rds  and  half-inch  power 
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iic  employs  a glass  slide  carrying  a disk  or  square  of  tliiu 
paper,  saturated  with  spermaceti,  and  protected  from  dirt  by  a 
■ thin  glass  cover  that  adheres  to  it.  Tliis  slide,  disk  downwards, 
• is  placed  under  the  object.  Under  still  higher  powers,  some  objects 
may  be  very  conveniently  illuminated  by  a small  bnll’s-eye  finely 
1 , ground  on  its  flat  surface,  and  fixed  with  its  convex  face  downwards 
j in  a tube  that  slides  into  the  Sub-stage  fitting, 
i;  no.  rolarizinp  Ajmarafus.—ln  order  to  examine  transparent 
V objects  by  Polarized  Light,  it  is  necessary  to  employ  some  means  of 
A 'polarizing  the  ray's  before  they  pass  through  the  object,  and  to 
-apply  to  them,  in  some  part  of  their  course  between  the  object  and 
the  eye,  an  analysing  medium.  These  two  requirements  ’may  be 
' provided  for  in  difierent  modes.  The  polarizer  may  be  either  a 
bundle  of  plates  of  thin  glass,  used  in  place  of  the  mirror,  and 
i polarizing  the  rays  by  reflexion  ; or  it  may  be  a ‘ single  image’  or 
] Mcol’  _ prism  of  Iceland  Spar,  which  is  so  constructed  as  to 
^.ransmit  only  one  of  the  two  rays  into  which  a beam  of  ordinary 
p ight  is  made  to  divaricate  by  passing  through  this  substance.  Of 
hese  two  methods,  the  ‘ NicoP  prism  is  the  one  generally  preferred, 
]jj'.  lie  objection  to  the  reflecting  polarizer  being  that  it  cannot  be 
rf  lade  to  rotate.  This  polarizing  prism  is  usually  fixed  in  a tube 
® furnished  with  a large  milled-head,  c,  at  the  bottom, 

' 7 which  it  is  made  to  rotate  in  a collar,  6,  that  screws  into  the 

!:!  Fig.  81. 


A 


B 


4; 


i.  Fitting  of  Polarizing  Prism 
in  Sub-stage. 


B,  Fitting  of  Analysing  Prism 
above  Eye-piece. 


b-stage  fitting  For  the  analyser  a second  ‘Uicol’  prism  is  usually 
•ployed;  and  this,  fixed  in  a short  tube,  may  be  fitted  eithe"!’ 
0 a collar  interposed  between  the  lower  end  of  the  body  and  the 
lectivc,  or  mto  a cap  placed  over  the  Eye-piece  (Fig.  81,  b),  in  the 
^ of  the_  ordinary  eye-piece  cap.  The  former  arrangement, 
ich  is  specially  adapted  for  use  with  the  Binocular  Microscope, 
the  adva-ntage  of  not  limiting  the  field,  but  it  stops  a gooddra,! 
Ihp  ® brighter,  but  a good  deal 

til  ^ut  ofif.  In  the  Harley  Binocular 

m prism  18  fitted  into  a slide  below  the  Wenham 

. w ich  13  drawn  out  when  the  polariscope  is  not  in  use ; 
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wliile  in  Swift’s  Challenge  Binocular,  a similar  slide  is  fitted  into 
the  body  above  the  Wenham  prism.  In  these  arrangements,  such 
advantage  as  is  obtainable  by  the  rotation  o£_  the  analy.sing  prism 
is  of  course  foregone  ; and  the  same  sacrifice  is  made,  when,  in  tlie 
Stephenson  Binocular  (§  36),  the  Iceland  spar  analyser  is  replaced 
by  a reflector. — l’'he  Poiarizing  apparatus  may  be  worked  in  coin- 
bination  either  with  the  Achromatic  Condenser  (by  which  means  it 
may  be  used  with  high  power  Objectives),  or  with  either  or  the 
‘ black-ground’  Illuminators  (§§104, 105),  which  show  many  objects 
— such  as  the  horny  polyparies  of  Zoophytes  gorgeously  pro- 
jected in  colours  upon  a dark  field.  ^ i r 

111.  For  bringing  out  certain  effects  of  Colour  by  the  use  o ' 
Polarized  Light  (Chap,  xxii.),  it  is  desirable  to  interpose  a plate  ot 
Selenite  between  the  polarizer  and  the  object ; and  it  is  adyau- 
taaeous  that  this  should  be  made  to  revolve.  A very  convenient 
mode  of  eftecting  this,  is  to  mount  the  Selenite  plate  in  a revolving 
collar,  which  fits  into  the  upper  end  of  the  tube  that  receives 
the  Polarizing  prism.  In  order  to  obtain  the  greatest  varmty  ot 
coloration  with  different  objects,  films  of  Selen^ite  of  differen 
thicknesses  should  be  employed and  this  may  be  accomphslmcl 
by  substituting  one  for  another  in  the  revolving  collar.  A stm 
o-reater  variety  may  be  obtained  by  mounting  three  films,  wme 
separately  give  three  different  colours,  in  collars  revolving  in  a 
frLie  resembhng  that  in  which  hand-magnifiers  are  usuaUy 
mounted;  this  frame  being  fitted  into  the  Sub-stage  in  such  a 
manner,  that  either  a single  Selenite,  or  any  combin^ion  ot  two 
Selenites,  or  all  three  together,  may  be  brought  into  the  optm  axis 
above  the  polarizing  prism  (Fig.  82).  As  many  as  thirteen 

Fig.  82.  tints  may  thus  be  obtained.— W hen 

the  construction  of  the  Microscope 
does  not  readily  admit  of  the  con- 
nexion  of  the  Selenite  plate  with  the  ( 
Polarizing  prism,  it  is  convenient  ^ 
to  make  use  of  a plate  of  brass 
(Fig.  83)  somewhat  larger  than  the 
glass  slides  in  which  objects  are 
ordinarily  mounted,  with  a ledge 
near  one  edge  for  the  slide  to  rest 
against,  and  a large  circular  aper- 
ture into  which  a glass  is  fitted, 
having  a film  of  Selenite  ce- 
mented to  it ; this  ‘ Selenite  stage 
or  object- carrier  being  laid  ujion 
the  Stage  of  the  Microscope,  the  || 
sUde  containing  the  object  is  placed  upon  it ; and,  by  an  ^nious 
modification  contrived  by  Dr.  Leeson,  the  nng  into  which  t^ 
Selenite  plate  is  fitted  being  made  movable,  one  plate  may  be  su  f 
Sted  for  another,  wMUt  rotation  may  be  given  to  tlie  ring 
means  of  a tangent-screw  fitted  into  the  brass-plate.  The 


Davkor’s  Selenites,  as  litted  by 
Messrs.  Beck. 
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of  tints  given  by  a Selenite-film  under  Polarized  light,  is  so  nreatlv 
increased  by  the  interposition  of  a rotating  film  of  Mica,  that  two 
feelemtes  _ j-ciZ  and  bhie — vsdth  a Mica-film,  are  found  to  »ive  the 
entire  series  of  colours 

obtainable  from  any  ^3. 

number  of  Selenite- 
films, either  separately 
or  in  combination 
with  each  other.  The 
Eevolving  Mica-Sele- 
nite Stage  (Pig.  84)  de- 
vised by  Mr.  Blankley, 
and  made  by  Mr. 

Swift,  furnishes  a 
very  simple  and  effec- 

; tlieMioa-film  beinK 

set  in  a diaphragm  which  can  be  made  to  rotate  by  applying  the 

Fig.  84 


Selenite  Object-caiTier. 


Blaakley’s  Bevolving  Mica-Selenite  Stage 


i Selenites  are  so 

ingenious  pieee  o£ 

apparatus  (Fig.  8o)  are  combined  the  advantages  of  (1)  an  A eh  rn 
inatic  Condenser,  a,  centred  by  two  miUed-headed  screws  c c and 
ve^“S  W0°,  which  fits  it  for  use  with  oTe'otil  of 

bination  it  aperture,  whilst,  by  removing  the  upper  com- 

rdira^  powers;  (2)  a contracting  Dia- 

I ragm  worked  by  the  lever  b ; (3)  a revolving  Dianhrao-m  v with 

cenkarstoM^m™-^*^  ^ of ’three 

to  that  S £ f .^l^^clf-ground  lUumination  scarcely  inferior 

' aufded  /bth  capable  of  being  used  with  the  small 

'Sefenite-lfims’  oi  Moderators,  or  (c)  two 

prism  r wi  Polarizing  apparatus ; (4)  a I'olarizing 
the  axis  ’of  thp  pnnT  cxcentnc  arm,  so  as  to  be  brought  under 

oot  wanted  anc]  ??i'?"'  when 

"■eared  too-p’tbpr  v, ' carrying  two  revolving  cells 

-.  together  by  fine  deeth  (one  of  them  shown  at  n,  while  the 
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other  is  under  the  condenser),  so  that  a revolving  motion  may  be 
given  to  either  by  acting  on  the  other ; one  of  these  ceUs  carries  a 
plate  of  Mica,  the  revolution  of  which  over  the  selenite-films  gives  a 

Fig.  85. 


Swift's  Combination  Sub-Stage. 

frrcat  variety  of  colour-tints  with  Polarized  light ; while  the  other 
sei-ves  to  receive  oblique-light  disks,  to  which  rotation  can  be  given 
by  the  same  means.— The  special  advantage  of  this  Condenser  lies  | 
in  its  having  the  polarizing  prism,  the  selenite-  and  mica-hlms,  the  m 
black-ground  and  oblique-light  stops,  and  the  moderator,  all  brougni,  | 
close  under  the  back  lens  of  the  Achromatic ; whilst  it  combines  m j 
itself  all  the  most  important  appliances  which  the  bub-stage  o i 
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Fig,  86. 


Secondary  body  of  First-class  Microscopes  is  able  to  alford  It 
be  specially  recommended  to  such  as  make  much  use  of  PolarizS 

113.  IllicmuiatovsM^^  Objects.-AU  objects  through  which 
sufficient  hght  cannot  be  transmitted  to  enable  them  to  be  viewed 
^odes  ^ready  described,  require  to*  be  illuminated  by  rays 
wMch,  b^ng  thrown  ttpon  the  surface  under  examination,  shall  be 
reeded  from  it  into  the  Microscope ; and  this  mode  of  viewing 
them  may  often  be  advantageously  adopted  in  regard  to  semh 
transparent  objects,  for  the  sake  of  the  diverse 
aspects  it  affords.  Among  the  vanous  methods  devised  for  thi^- 
purpose,_the  one  most  generaUy  adopted  consists  in  the  use  of  a 

Condensing  Lens  (Fig.  86),  either  attached  to  the  Microscope  or 
mounted  upon  a se-  -^^^^iGsoupe,  oi 

parate  stand,  by  which 
the  rays  proceeding 
from  a lamp  or  from 
a bright  sky  are  made 
to  converge  upon  the 
object.— For  the  effi- 
cient illumination  of 
large  opaque  objects, 
however,  it  is  desi- 
rable to  employ  a Bull’s 
<nje  Condenser  (which 
is  a plano-convex  lens 
of  short  focus,  two  or 
three  inches  in  dia- 
meter), monnted  upon 
a separate  stand,  in 
«uch  a manner  as  to 
^ow  of  being  placed 
m a great  variety  of 
positions.  The  mount- 
mg  shown  in  Fig.  87, 

IS  one  of  the  best  that 
can  be  adopted : the 
I j^a^ne  which  cai-ries 
the  lens  is  borne  at  the 
bottom  upon  a swivel 

^ -Met  it 

ot  the  horizontal  tnbp^  angle  to  the  horizon,  by  the  revolution 
horizontal  tube  which  nrnip!? attached,  around  the  other 
of  these  tubes  within  +1  ’ ^7^^®  sliding  of  one 

lengthened  or  shortenp Vf  horizontal  arm  may  be 

(as  its  weight  is  ant  fn  i may  be  secured  in  any  position 

tubes  be  made  to  work  +1^”  when  it  is  inclined,  unless  tlie 

convenient)  by  menn«  ’ mto  the  other,  more  stiffly  than  is 

ent)  hy  means  of  a tightenmg  collar  milled  at  its  edges; 


Condensing  Lons. 
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and  finally  the  liorizontal  arm  is  attached  to  a sprung  socket,, 
which  slides  np  and  down  upon  a vertical  stem.  The  optical  effect 
of  such  a ‘ bull’s-eye  ’ differs  according  to  the  side  of  it  turned 
towards  the  light,  and  the  condition  of  the  rays  which  fall  upon  it. 

The  position  of  least  sphe- 
87.  rical  aberration  is  when 

its  convex  side  is  turned 
towards  paraMeZ  or  to- 
wards the  least  diverging 
rays ; consequently,  when 
used  by  Daylight,  its 
'plane  side  should  be  turn- 
ed towards  the  object 
and  the  same  position 
should  be  given  to  it  when 
it  is  used  for  procuring 
converging  rays  from  a 
lamp,  this  being  placed 
four  or  five  times  farther- 
off  on  one  side  than  the 
object  is  on  the  other.. 
.But  it  may  also  be  em- 
l^loyed  for  the  purpose  of 
reducing  the  diverging 
rays  of  the  Lamp  to  paral- 
lelism, for  use  either  with 
the  Paraboloid  (§  105),  or 
with  the  Parabolic  spe- 
culum to  be  presently 
described  ; and  the  planer  | 
side  is  then  to  be  turned  | 
towards  the  lamj),  which  • 
must  be  placed  at  such  a i 
distance  if  om  the  ‘ bull’s-  I 
eye,’  that  the  rays  which  ; | 
have  passed  through  the-  i 
latter  shall  form  a lumi-  ' 
Bull’s-eye  Condenser.  nous  circle  equal  to  it  in  | 

size,  at  whatever  distance  j 
from  the  lens  the  screen  may  be  held.  For  viewing  minute  objects  [ 
under  high  powers,  the  smaller  Condensing  lens  may  be  used  to-  f 
obtain  a further  concentration  of  the  rays  already  brought  into 
convergence  by  the  ‘ bull’s-eye.’ — An  ingenious  and  effective  mode 
of  using  the  ‘ Bull’s-eye  ’ condenser,  for  the  illumination  of  very 
minute  objects  under  high-power  Objectives,  has  been  devised  by 
Mr.  James  Smith.  The  Microscope  being  in  position  for  observa- 
tion, the  lamp  should  be  placed  either  in  the  front  or  at  the  side  (as 
most  convenient),  so  that  its  flame,  turned  edge-ways  to  the  stage, 
should  be  at  a somewhat  lowe'r  level,  and  at  a distance  of  about 
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three  inches.  The  bull’s-eye  should  be  jdaced  between  the  stage- 
and  the  lamp,  Avith  its  plane  surface  uppermost,  and  -with  its 
convex  surface  a little  above  the  stage.  The  light  entering  its- 
convex  surface  near  the  margin  turned  towards  the  lamp,  falls  on 
its  plane  surface  at  an  angle  so  oblique  as  to  be  almost  totally 
reflected  towards  the  opposite  margin  of  the  convex  surface,  through 
wliicli  it  passes  to  the  object,  a little  above  the  plane  of  the  stage,, 
on  wliich  it  should  cast  a sharp  and  brilbant  wedge  of  light.  The 
adjustment  is  best  made  by  first  placing  a slip  of  white  card  on  the 
stage,  and,  when  this  is  well  illuminated,  substituting  the  object- 
shde  for  it;  making  the  final  adjustment  while  the  object  is  being 
viewed  under  the  ^licroscope.  No  difficulty  is  experienced  in 
getting  good  results  with  powers  of  from  200  to  400  diameters  ; but 
high  powers  require  careful  manipulation.  Mr.  Smith  states,  that  he 
has  succeeded  in  ihuminating  by  this  simple  method,  minute  objects 
(such  as  Diatoms  and  scales  of  Lepidoptera),  very  brilhantly  and 
clearly, upon  a dark  field,  under  an  immersion  l-16th  inch  Objective. 
But  he  considers  that  it  answers  better  for  objectives  of  moderate 
than  of  very  wide  angular  aperture.* 

114.  The  Ihumination  of  Opaque  objects  may  be  effected  by 
■reflection  as  well  as  by  refraction ; and  the  most  convenient  as  well 
as  most  efficient  in- 
strument yet  devised  Fig.  88. 

for  this  purpose  is 
the  Parabolic  Specu- 
lum of  Mr.  R.  Beck 
(Fig  88),  which  is  at- 
tached to  a spring-chp 
that  fits  upon  the  Ob- 
jectives (2  inch,  1| 
inch,  1 inch,  2-3rds 
inch)  to  which  it  is 
especially  suited,  and 
is  slid  up  or  down,  or 
turned  round  its  axis, 
when  the  object  has 
been  brought  into  fo- 
cus, until  the  most 
suitable  illumination 
has  been  obtained.  The 
ordinary  rays  of  diffused  Daylight,  which  may  be  considered  as  fall- 
ing in  a parallel  direction  on  the  Speculum  turned  towai'ds  the 
wmdoAv  to  receive  them,  are  reflected  upon  a small  object  in  its 
locus,  so  as  to  illuminate  it  sufficiently  brightly  for  most  purposes ; 
out  a much  stronger  light  may  be  concentrated  on  it,  when  the 
> jieculum  receives  its  rays  from  a lamp  plaeed  near  the  ojiposite 
Hide  of  the  stage,  a ‘ bull’s-eye  ’ being  interposed  to  give  parallelism 
to  the  rays.  For  the  sake  of  hTicroscopists  who  may  desire  to  use 
* See  “ Jouni.  Koy.  Microsc.  Soo.,”  Vol.  iii.  (1880),  p.  308. 
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Croncli’s  Adapter  for  Para- 
bolic Speculum. 


this  admirable  instrument  with  Objectives  to  which  it  has  not  been 
specially  fitted,  an  adapter  is  made  by  Mr.  Crouch,  consisting  of  a 
collar  (Fig.  89,  a)  interposed  between  the  lower  end  of  the  body  of 

the  Microscope  and  the  objective ; on 
this  is  fitted  the  ring  B,  wliich  turns 
easily  round,  it,  and  carries  the  hori- 
zontal arm  c c,  jointed  at  each  end ; 
whilst  the  stem  d,  which  can  be 
lengthened  or  shortened  at  pleasure, 
hanging  from  this,  carries  at  its  lower 
end  the  Speculum  F attached  to  it 
by  the  ball-and-sochet  joint  E.  By 
this  arrangement  the  Parabolic  Spe- 
culum may  be  used  not  only  with 
the  objectives  already  named,  but 
also  with  those  of  one-half  or  4-lOths 
inch  focus,  if  these  do  not  approach 
the  object  so  nearly  as  to  mterfere 
with  the  reflexion  of  the  illuminating 
rays  from  the  Speculum. 

115.  Lieherkuhn. — A mode  of  illu- 
minating opaque  objects  by  a small 
concave  Speculum  reflecting  directly 
down  upon  them  the  light  reflected 
up  to  it  from  the  Mirror,  was  formerly 
much  in  use,  but  is  now  comparatively  seldom  employed.  This  con- 
cave Speculum,  termed  a ‘ Lieberkiihn’  from  the  celebrated  Micro- 
scopist  who  invented  it,  is  made  to  fit  upon  the  end  of  the  Objective, 
having  a perforation  in  its  centre  for  the  passage  of  the  rays  from 
the  object  to  the  lens  ; and  in  order  that  it  may  receive  its  light  from 
a Mirror  beneath  (Fig.  90,  a),  the  object  must  be  so  mounted  as  only 
to  stop-out  the  central  portion  of  the  rays  that  are  reflected  up- 
wards. The  curvature  of  the  Speculum  is  so  adapted  to  the  focus 
of  the  Objective,  that,  when  the  latter  is  duly  adjusted,  the  rays 
reflected  up  to  it  from  the  mirror  shall  be  made  to  converge 
strongly  upon  the  part  of  the  object  that  is  in  focus .-  a separate 
speculum  is  consequently  required  for  every  objective.  The  dis- 
advantages of  this  mode  of  illumination  are  chiefly  these : — first, 
that  by  sending  the  light  down  upon  the  object  almost  perpen- 
dicularly, there  is  scarcely  any  shadow,  so  that  the  inequalities 
of  its  surface  and  any  minute  markings  wliich  it  may  present, 
are  but  faintly  or  not  at  all  seen ; second,  that  the  size  of  the 
object  must  be  limited  by  that  of  the  speculum,  so  as  to  allow 
the  rays  to  pass  to  its  marginal  portion ; and  third,  that  a special 
mode  of  mounting  is  required,  to  allow  the  light  to  be  reflected  from 
the  mirror  around  the  margin  of  the  object.  The  first  objection  may 
be  in  some  degree  removed  by  turning  the  mirror  considerably  out 
of  the  axis,  so  as  to  reflect  its  light  obliquely  upon  the  Liebcrkulm. 
which  ivill  then  send  it  down  obliquely  upon  the  object  (kig.  91',  ; 
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or  by  covering  one  side  of  the  Lieberkiihn  by_  a diaphragm,  -which 
shoidd  be  made  capable  of  rotation,  so  that  light  may  be  reflected 
from  the  uncovered  portion  in  every  azimuth : the_  illumination, 
ho-wever,  -will  in  neither  case  be  so  good  as  that  -which  is  afibrded 


A Fig.  90.  B 


Diagi-am  of  Lieberkuhn. 


■with  po-wers  up  to  2-3rds  inch,  by  the  Parabolic  Sj)eculum  just 
described.  The  mounting  of  Opaque  objects  in  -wooden  slides 
(Fig.  124),  -which  a-ffords  in  many  cases  the  most  convenient  means 
of  preserving  them,  completely  prevents  the  employment  of  the 
Lieberkiihn  in  the  examination  of  them ; and  they  must  be  set  for 
this  purpose  either  upon  disks  -which  afford  them  no  protection, 
or  in  cells  (§  169)  -with  a blackened  background.  The  cases 
wherein  the  Lieberkuhn  is  most  useful,  are  those  in  -which  it  is 
desired  to  examine  small  opaque  objects,  such  as  can  be  held  in 
the  Stage-Forceps  (§  118),  or  mounted  on  small  disks  (§  119),  or  laid 
upon  a slip  of  glass,  -with  objectives  of  half-inch  focus  or  less ; 
since  a stronger  light  can  be  thus  concentrated  upon  them,  than 
can  be  easily  obtained  by  side-illumination.  In  every  such  case,  a 
black  background  must  be  provided,  of  such  a size  as  to  fill  the 
field,  so  that  no  light  shall  come  to  the  eye  direct  from  the  mirror, 
and  yet  not  large  enough  to  create  any  unnecessary  obstruction  to 
the  passage  of  the  rays  from  the  mirror  to  the  speculum.  With 
each  Lieberkiihn  is  commonly  provided  a blackened  stop  of  appro- 
pnate  size,  having  a -well-like  cavity,  and  mounted  upon  a pin 
which  fits  into  a supj>ort  connected  -with  the  under  side  of  the 
stage;  but  though  this  ‘dark  -well’ servos  to  throw  out  a few 
objects  with  peculiar  force,  yet,  for  all  ordinary  jiurposes,  a spot 
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of  black  j^aper  or  black  varnish  vail  answer  the  required  purpose 
very  effectually,  this  spot  being  either  made  on  the  under  side  of 
the  cell  'which  contains  the  object,  or  upon  a sei?arate  slip  of  glass 
laid  upon  the  stage  beneath  this. 

116.  Vertical  Illumination  for  High  Towers. — Various  attempts 
have  been  made  byMr.  Wenham  and  others  to  view  opaque  objects 
under  powers  too  high  for  the  advantageous  use  of  the  Lieberkiihn, 
by  employing  the  Objective  itself  as  the  illuminator,  light  being 
transmitted  into  it  downwards  from  above.  By  Prof.  H.  L.  Smith, 
of  .Geneva  College,  U.S.,  a pencil  of  light  admitted  from  a lateral 
aperture  above  the  objective,  was  reflected  do'wnwards  upon  the 
object  through  its  lenses,  by  means  of  a small  silver  speculum  placed 
on  one  side  of  its  axis  and  cutting  oflf  a portion  of  its  aperture.  By 
Messrs.  Powell  and  Lealand,  a jnece  of  plane  glass  was  placed  at  an 
angle  of  45^^  across  a tube  placed  like  an  adapter  between  the  Objec- 
tive and  the  body  of  the  Microscope  ; and  whilst  a pencil  of  light, 
entering  at  the  side  aperture  and  striking  against  this  inclined 
surface,  is  reflected  by  it  downwards  through  the  objective  on  to 
the  object,  the  rays  proceeding  upwards  from  the  object  pass  up-  j 
wards  (with  some  loss  by  reflexion)  through  the  plane  glass  into  ' 

the  body  of  the  Microscope.  For  this  flxecl  plate  of  glass,  Mr.  E.  i 

Beck  substituted  a disk  of  thin  glass  attached  to  a milled-head 
(Pig.  91,  b),  by  the  rotation  of  which  its  angle  may  be  exactly  j 

Pig.  91. 
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objective  (c,  d)  and  the  nose  (c)  of  tbe  IMicroscope.  The  lio-ht  which 
lateral  aperture  (a,  a)  falling  njDon  the  oblique  surface 
of  the  disk  (c,  6),  is  reflected  downwards,  and  is  concentrated  by 
the  lenses  of  the  Objective  upon  the  object  beneath.  The  lateral 
aperture  may  be  provided  with  a diaphrag-m,  havino-  a‘  series  of 
apertures,  for  diminishing  the  false  light  to'  wliich  this  method  is 
iiable ; or  a screen  with  a small  aperture  may  be  placed  at  any  dis- 
tance between  the  lamjo  and  the  Illuminator,  that  is  found  to  pro- 
duce the  best  effects.  In  using  this  Illuminator,  the  lamp  should 
be  placed  at  a distance  of  about  8 inches  from  the  aperture  • and 
when  the  proper  adjustments  have  been  made,  the  imao-e  of  the 
flame  should  be  seen  upon  the  object.  The  illumination  of  the 
entire  held,  or  the  direction  of  the  hght  more  or  less  to  either  side 
of  it,  can  easily  be  managed  by  the  interposition  of  a small  Con- 
densing lens  placed  at  about  the  distance  of  its  own  focus  from  the 
lamp.  Ihe  Objects  viewed  by  this  mode  of  illumination  with  dry- 

uncovered;  since,  if  they  are  covered 
mth  thin  glass,  so  large  a proportion  of  the  light  sent  down  upon 
them  IS  reflected  from  the  cover  (especially  when  Objectives  of  laro^e 
angle  of  aperture  are  employed)  that  very  little  is  seen  of  the  ob- 
,]ects  beneath,  unless  their  reflective  power  is  very  hio-h.  AVith 
immersion  objectives,  however,  covered  objects  may  be  used ; and 
the  Author  has  seen  a more  perfect  resolution  of  difficult  tests  by 
tffis  mode  of  vie^g  them  (first  suggested  by  Mr.  Morehouse,  of 

other.=*i=— Another  method-  of 
Vertical  lUummation  long  since  devised  by  Mr.  Tolies  has  recently 
been  brought  into  notice  by  Prof.  W.  A.  Eogers,  of  Boston,  U.S. 
t consists  m the  mtroduction  of  a small  rectangular  prism,  re- 

Binocular  (A,  Fig.  27),  at  a shor^  distance 
rav^l^^  ? combination  of  the  Objective  : so  that  parallel 
hSJnTfni  verticm  end-surface,  pass-on  between  its  parallel 

o^-izontal  surfaces,  until  they  meet  the.  inclined  surface  by  which 

binK  ^O’^nwards.  In  passing  through  the  front  com- 

they  are  deflected  towards  its  axis;  but 
as  their  angle  of  convergence  is  less  than  the  angle  of  divergence 

reflected  rays  not 

iTurnffin?/  the  lens,  but  will  be  so  distributed  as  to 

prisTffi^  ^^i^ng  the  extent  to  which  the 

means  of  ? T bf ting  or  depressing  its  outer  end  by 

lated  Tbp  illumination  can  be  regu- 

statPfi  pnsm  with  immersion  objectives^  is 

rfated  by  Mr.  Tolies  to  be  pecuHarly  satisfactory .f 

liigher  no\wrs  b Stcu/e.— In  examining  objects  with  those 

slurb  focus  extremely  close  to  the  covering  glass  tlie 

pSnfto  slikely  tole/d  to  a fracture  of  the^C  ’and 

perhaps  to  the  destruction  of  a valuable  shde.  This  is  a seiious 

* “Jonra.  of  Roy.  Micvoso.  Soo,”  Vol.  ii.  (1879),  pp.  191,  260\ 
t Ibid.,  Vol.  iii.,  pp.  520,  754. 
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matter  with.  Muller’s  Diatom  Type  Slide,  or 
ISlobert’s  Test  Lines,  or  with  many  others 
that  are  expensive  or  perhaps  impossible  to 
replace.  To  remove  this  source  of  danger, 
Mr.  Stephenson  contrived  the  “safety  stage,” 
shown  m Fig.  92.  The  frame  on  which  the 
slide  carrying  the  object  rests,  is  hinged  at 
its  upper  part,  and  kept  in  its  true  position 
by  slight  springs,  which  give  way  directly 
the  slide  is  pressed  by  the  objective.  It  is 
found  that  springs  firm  enough  to  insure  the 
steadiness  required  for  high  powers,  may  yet 
be  sufficiently  flexible  to  give  way  before 
very  lb  in  glass  is  endangered,  and  a glance 
at  the  stage  shows  if  it  is  made  to  deviate 
from  the  normal  position  in  which  its  upper 
andlower  edges  are  parallel.— (See  also  § 54.) 


Section  2.  Apparatus  for  the  Presentation  of  Objects. 

118.  Stage-Forceps  and  Vice.— For  bringing  under  the  Object- 
glass  in  different  positions  such  small  opaque  ol^ects  as  can  be 
conveniently  held  in  a pair  of  forceps,  the  8tage-Foi  ceps J^g.  93) 

supplied  with  most 
Eig.  93.  Microscopes  afford  a 

ready  means.  These 
are  mounted  by  means 
of  a joint  upon  a pin, 
which,  flts  into  a hole 
either  in  the  comer  of 
the  Stage  itself  or  in 
Stage-Forceps.  .^he  object  - platform ; 

the  object  is  inserted  by  pressing  the  pin  that  projects 
the  blades,  whereby  it  is  separated  from  the  other ; and  the  blades 
close  again  by  their  own  elasticity,  so  as  to  retain  the  o^ect  when 
the  pressure  is  withdrawn.  By  sliding  the  wire  stem  which  bears 
the  Forceps  through  its  socket,  and  by  moving  that  socket  verti- 
cally upon  its  joint,  and  the  joint  horizontally  upon  the  pm,  tie 
object  may  be  brought  into  the  field  precisely  in  the  position  re- 
quired ; and  it  may  be  turned  round  and  round,  so  that  all  sides 
of  it  may  be  examined,  by  simply  giving  a twisting  movement  to 
the  wire  stem.  The  other  extremity  of  the  stem  often  bears  a 
small  brass  box  filled  with  cork,  and  perforated  with  holes  in  its 
side-  this  affords  a secure  hold  to  common  pins,  to  the  heads  ot 
which  small  objects  can  be  attached  by  gum,  or  to  wluch  disks  of 
card  &c.,  may  be  attached,  whereon  objects  are  mounted  for  being 
with  the  LicbeikiUia  (§  115).  This  method  of  mojUng 
was  tovmerlv  much  in  wogne.hut  has  been  less  employed  of  lato, 
since  the  Licberkillin  has  fallen  into  comparative  disusc.-Thc 


STAGE  FORCEPS. — BECK’S  DISK-HOLDER, 
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StdQC  clS  nicld.©  l)y  ]\Xi'  nos'll  for  IVfr 

for  the  pur]Dose  of  holding  small  harS  Lr.r^^  contrived 

apt  to  d jerked-out  Sy  tfc  angiar 

forceps,  or  vey  delicate  eubsCcL  Thtr^m  not 

?^bTovements^t^t'r■^^^^^^^ 

Se^rX^r  ‘^roS  S “boX^S: 

a“?o?£.’'R  B‘°eckX  94)  r^eXrCf  ffif 

for  presenting  them  in  every  varipfv  nf  n facihty  it  affords 

attaked  by  ^m  (haW  a object  being 

it)  or  by  goEze,  rZ  of  glyceidne  mixed  with 

Disk,  this  is  fitted  by  a short  stem  nrnippf  blackened  metallic 

into  a cylindrical  hoHer ; and  the  UlLr 'JfrSSl'fbrr  ^ 
made  to  rotate  around  ^ ^ disk  can  be 

a vertical  axis  by  turn- 
ing the  milled-head  on 
the  right,  which  acts 
on  it  by  means  of  a 
small  chain  that  works 
through  the  horizontal 
fiibular  stem ; whilst 
it_  can  be  made  to  in- 
chne  to  one  side  or  to 
the  other,  until  its 
plane  becomes  vertical, 

nv  ^.nvmi-i /-«•  4-1-.  1-  _i 


Fro.  !)-l. 


Beck’s  Disk-holder. 


dncal  so^ke?*  "^SsupWiJa  n?  axis  of  its  cylin- 

aperture,  the  object  may  be  ilW?,  n 

desired.  The  Biiks  Lieberkiilin  ^if 

irom  it,  by  a pair  of  Forceps  constmcf  ^^^Ider,  or  are  removed 
may  be  safely  put  away,  by  insertina  purpose  ; and  they 

forated  with  holes.  Several  such  ^ per- 

to  prevent  them  fronrcominrlti  intervening  guirds 

packed  into  a small  box  To  the  vol  fPP^^il'ion,  may  be 

apparatus  the  Author  can  bear  the  If  this  _ little  piece  of 

®^Per.mnce,  havino-  found  his  testimony  from  his 

^eatly  facihtated  by  it— A less  cosfl  Foraviinifera 

aywers  sufficiently  well  L ?en7rH^ 

Ohjed-lwlder  of  Mr^ Morris  (Fm  i^he 

that  carries  a hnll  i \ consists  of  a support- 

ball  of  „u„h  centre,  inWe 

small  cardboard  disks,  or  a hnror^FoR”®  either  a holder  for 
erfmary  slide.  By  the  free  [E  of  tb ' ".““'c /or  carrying  an 
. • A smsll  p,i,  „[  p„„„„  , ’’‘“y  ball-and-socket  joint  in 

mto  tl,«  cylindric.l  hoMerfi, ”1’  objecls  m,ry  bo  fitlod 
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aifferent  directions,  tlie  object ma;5r  either  be  made  to  |;otai^.  or  i^y 
be  so  tilted  as  to  be  viewed  obbquely  or  almost  lateially.  ihi 


Fig.  95. 


Morris’s  Object-Holder. 


instrument  can,  of  course,  be  used  only  by  ^ 

in  order  to  turn  it  to  tbe  best  account,  the  objects  to  be  viewed  by 
it  must  be  mounted  on  special  disks  ; but  it  has  an  advantage  ovei 
Ihrnrecedino-,  in  being  applicable  also  to  objects  mounted  m ordi- 
narv  slides  -^The  same  pui-pose  is  answered,  in  the  Ross  Zentmaj  ei 

by  the  rotating  of  the  Stage  round  its  verUcal  ass 

tU^togete  Witt  th*  covers  J 
r^Z7oXfe.:^^Z^\?tZyreni.  tut  also  of  ^^ue 

forceps  SlAZe.— A number  of  contrivances  have  been  deyisod 
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cell  coinmimicatiug  with  it  auci  about  l-4th  inch  in  diameter,  is 
■Jrilled-out  to  the  same  depth ; this  serves  for  the  reception  of  a 

Fig. 


Botterill’s  Growing-Slide. 


supply  of  water  or  other  fluid,  which  is  imparted,  as  required,  to 
• the  central  ‘ growing’ cell,  which  is  completed  by  jdacing  a thin-glass 
cover  over  the  objects  introduced  into  it,  with  the  interposition  of 
a ring  of  thin  paper,  or  (if  a greater  tliickness  be  required)  of  a 
ling  of  cardboard  or  vulcanite.  If  the  fluid  be  introduced 
into  one  of  the  lateral  cells,  and  be  drawn-ofi“  from  the  others — 
either  by  the  use,  from  time  to  time,  of  the  small  glass  Syiinge  to 
be  here^er  described  (§  127),  or  by  tlireads  so  arranged  as  to  pro- 
duce a continuous  drip  mto  one 
and  from  the  other — a con- 

- - - - - ^ 


Fig.  97 


stantly  renewed  supply  is  fur- 
nished to  the  central  cell, 
■ which  it  enters  on  one  side, 
and  leaves  on  the  other,  by 
; -capillary  attraction.*  — Br. 
^laddoi-'s  fTroivinr/- Slide  will  be 
understood  from  the  annexed 
sketch.  The  shaded  pai*ts  are 
pieces  of  tinfoil  fastened  with 
shellac  glue  to  a glass  slide. 
The  minute  fungi  or  spores  to 


X 
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Maddox’s  Growing-Slide. 

oe  grown  are  placed  on  a glass  cover  large  enough  to  cover  the  tin  - 
oil, -mth  a droplet  of  the  fluid  required.  This,  after  examination  to 
■lee  that  no  extraneous  matter  is  introduced,  is  placed  over  the  tin- 

. fil  I Q T1  /I  ^ ft  ft /I  ^*ft  o 4-ft  <i4"  yv-*-*  ft  /\  mww^  ^ -T  * . *1  T * n 


cheaply  with  thin  glass  instead  of  tinfoiLf — For  an 

* For  descriptions  of  other  forms  of  Growing- Slide,  See  Transact,  of 
icrosc  boc.”  Vol.  xiv.  N.S.  p,  34,  and  “ Quart.  Journ.  of  Microse.  Science,’' 
■i.S.  Vol.  vii.  p.  11.  ’ 

t I'ri  paper  on  Cultivation  of  Microscopic  Fungi,  in  “ Monthly  Microsc. 
oum.  Vol.  in.  (1870),  p.  14. — Dr.  Maddox  recommends  tho  following  fluid  as 


Fig.  98. 
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account  of  a more  elaborate  apparatus  devised  hj 
crer&  Drysdale  for  the  prosecution  of  their  axiinirable  researches 
SLafler^to  be  noticed  (Chap.  x..  the  reader  ■»  ^^ed  to  the 
description  and  figures  given  by  them  in  the  Monthly  Micro 

Tat^Yor^BlaT-Vhe  or  Animalcule-cage  (Fig.  98.  *) 

coSts  oTa  short  piece  of  wide  brass  aS 

Infn  an  aneriure  of  its  own  diameter  in  a flat-plate  ot  brass,  ana 
closed-in  at  its  top  by  the  object-tablet,  a dish  of  glass  with  bevelled 
edo-es  (b)  : over  t&sLx  there  shdes  a cover  consistmg  another 
me"ce  of  brass  tube  having  a dish  of  thin  glass  fixed  mto  its  top. 

K cover  being  taken  oftT  a drop  of  the  liquid  to  be  examined,  or 
any  tliin  obieot  which  can  be  most  adTantagcously  looked-at  m flmd, 
is  placed  upon  the  lower  plate;  ™ 

the  drop  of  liquid  _ be 
spread  out,  or  the  object 
be  flattened,  to  the  degree 
most  convenient  for  obser- 
vation. If  the  glass  dish 
which  forms  the  hd  be  ce- 
mented or  burnished  into 
the  brass  riug  which  car- 
ries it,  a small  hole  should 
be  left  for  the  escape  of  air 
or  superfluous  fluid;  and 
this  may  be  closed  ^ up 
•with  a morsel  of  wax,  if  it 
be  desired  to  prevent  the 
included  fluid  from  evapo- 
rating. But  as  it  is  desir- 
able that  the  cover-glass 
should  be  thin  enough  to 
— allow  a l-4th  or  a l-6th 

Aanatic  Box  or  Animalcule-Cage,  as  seen  in  inch  Objective  to  be  em- 
^perspective  at  A,  and  in  section  at  u and  c.  ployed,  and  as  such  thm 
'■  ’■  glass  IS  extremely  apt  to 

be  brohen  it  is  a much  better  plan  to  furnish  the  Imass  cover  irith 
a screw-cap,  which  holds  the  glass  disk  mth  sufficient  firmne  c . 
Jut TrSS  it  to  be  readily  replaced.  It  is  always  desirable. 

sufficiently  hygrometric  to  keep  the  spores  moist,  and  as  adapted  to  Fungoid 

growth ; — _ 2 grains. 

Dextrine  ••••••••. 9 

Phosphate  of  Soda  and  Ammoma  . tlrons 

Saturated  Solution  of  Acetate  Potash IG  Ss. 

Grape  Sugar  • • i 1 oz 

perfectly  clean  2-drachm  stoppered  bottles,  and  kept  for  use. 


» 
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AQUATIC  BOX  OE  ANIMALCULE-CAGE  I47 

come  into  snch  close’ contact  t^it^nl-.'^  quite  flat,  they  will 

ttrrSsir " *■'“* 

plaoSg^^rBrfthfwl?^®®^*”-’  •'“™''“><="  I’®  *<=U  aeen  by 

■ Jr  *7:,  tr::^:^Tu,z  t 

''Covermsf-oflass  ata  <?TTinli  riio+o-.,^^  f cbu  uiuinaiy  slide,  to  keep  the 
--•med  behiS  pl^ed  object  to  he  eSam- 

. C?la6s  is  g?nKessed  do^  ^°P  °i  ‘^o  <=»™ng- 

f .labjects  may  be  Set  in  Stt  “*!  ™«'  Still  thiekfr 

i'lcdescribed  (SS  171-3).  a,„d  ?“®  /°™s  of  ‘ cells  ’ hereafter  to 
their  glass  coVlls  ^U  adW  ’'t*' 

> ^lotting-papeTSey  Jll  removed  by 

, » uchnedi&S^7^^^^^  “ when  the  Microscope  is 
^ as  a ‘ growint  Sp  ’ ^ ^ ® ®^^^er  as  a ‘ live-box’ 

• t is  a Hl%  of  pfate^^Mss  oVtS  devised  by  Mr.  Weber  (U.S.). 

^ at  of  wlflch  a^irciflar‘  cell’^of?m  ordinary  thickness. 

I uch  a mannpr  fliof  *+  v j-i.  3 4ths  inch  diameter  is  around  in 
^HallowestpartSf.StKe?t'^  "T+?  concave,’ its 

‘a-  A smaU  drop  of  the  deepest  round  the  mar- 

>e  central  convexity  Ithe  Sp!J  be  examined  being  placed  upon 
isli  with  the  general  surfacf  nf  should  be  almost 

'■ing  placed  unon  it  4p  i ^ the  plate),  and.the  thin-glass  cover 
i;  d fii:iin;^rw^  ^ thinllm,  iz 

^ids-on  t£e  coveriL-g  asf bv  *bus  it 

w serves  as  an  air-?lfamLr  attraction,  while  the  fur- 

of  gold-size  or  d^^n  r cemented  down  by 

evented,  either  AnimST  w ^b?  evaporation  of  the  fluid  is 
Animal  or  Vegetable  life  may  thus  be  maintained 

li  A 


pr 
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l‘ov  some  days,  or,  if  the  two  should  be  balanced  (as  in  an  Aqua- 
rinm),  for  some  weeks.* — An  improvement  has  been  dev^ed  by 
Dr.  Edmunds  in  the  form  of  this  Annular  Cell ; wluch  he  also 
makes  to  serve  as  a ‘ gas-chamber  ’ for  the  introduction  ot  gases  or 
vapours  into  the  annular  space.  The  central  prominence  is  shapet 
as  a truncated  paraboloid;  and  while,  by  focussing  m the  object  a 
2-inch  objective  used  as  a condenser,  a bright  held  is  obtamed,  tnis 
may  be  exchanged  for  a dark  field  by  puttmg  the  condenser  out  ot 
focus  (so  that  its  light  is  thrown  on  the  sides  of  the  paraboloid),  and 
by  gumming  a black  disk  on  the  centre  of  its  under  surface.  A 
straight  groove  being  cut  in  the  slide,  parallel  to  its  long  p e,  an 
tangentially  to  the  annular  groove  wHch  it  should  equal  mdeptln  ji 
two  fine  glass  tubes  are  cemented  in  it;  one  of  them,  wMch  is  left  j 
projecting  beyond  the  end  of  the  slide, being  connected  with  a^slender  d 
dastic  tube  through  which  gases  or  vapours  may  be  projected  mt.i 
the  annular  space,  while  the  other  serves  to  convey  them  away.f 
124  Zoophyte  Trough.— ~For  the  examination  of  larger  aquatic 
Animals  or  Plants  under  low  or  moderate  powers,  recourse  may 

be  advantageously  had  either  to  the  ongmal  Zooph^e-trough  ot 

Mr.  Lister  (which  is  stiU  kept  on  sale  by  most  Makers),  or  to  afoim 
lately  devised  by  Mr.  Botterill,  which  has  several  ad.yantages  over 
the  older  one.  THs  consists  of  two  plates  of  vulcamte,  a back  and 

a front,  shaped  as  in  Pig.  99,  connected  together  by  three  brass 
screws  ; these,  being  fixed  in  the  back  plates,_pass  thi-ough&^^^ 
where  their  imojecting  ends  are  furnished  with  small  mdled-heady 
Between  these  plates  are  two  rectangular  plates  of  glass,  cut  to  such 
a length  as  to  lie  between  the  two  side-screws  of  the  xnlcjimte 
plates,  andhavingsuch  abreadth  that  whde  their  lower  eclgesi^^^^^ 
the  bottom-screw,  their  upper  are  flush  vath  the  top  of  tfie  ^Icam 
disks.  The  glass  plates  are  kept  apart  by  a half-rmg  of  vulcanize 

Fig.  99. 


BotterUl’s  Zoophyte  Trough. 

india-rubber,  of  such  a diameter  as  to  lie  just  outside  the  scniicirj 
cular  margin  of  the  vulcanite  plates ; and  they  thus  foim  the  . dc^ 

* “.roum.  Roy.  Microsc.  Society,”  Vol.  ii.  (1879),  p.  5o.  ,, 

f Ibid.,  Vol.  iii.  (1880),  p.  585.— This  Parabolized  Gas-Slide  is  made  hj  . ■ I 

Beck. 
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pressure  exerted  by  tf ^ moderate 
the  two  glass  plates  may  be  Varied  between 

tliicknesses;  wldlst,  if  iJbe  desb^d  M 

M'ork  through  ordinary  glass  a frouf  than  will 

substituted  -One  griat  advLrta^  “^^7  be 

facility  with  which  the  pieces  c^mnosiW  ^ fm-angement  is  the 

either  for  cleaning  or  for  the  remir^n-F  ^ taken  apart, 

winch  the  use  of  thin  glass  of  eSm-«  ^ a iracture— an  accident  to 
125.  ^?omprcssor.-aCpu^  liable, 

gradual  iiressure  to  obiecfa  ^o!p  ^ instrument  is  to  apply  a 
when  they  are  thinned  by  Lt 

dehcate  as  to  be  confused  or  so 

excess  of  iiressiire.  For  the  examine  fin  shghtest 

™ .evisea 

Eig.  100. 


Schiek’s  Compressor. 


i '■  constantly  employed  it  in  his 

; > Marine  organisation  of  the 

: ‘•  securino-  the  narallehsirf  nf  +lio  m nny  provision  for 

■ : superseded  by  other  forms  surfaces,  it  has  been 

:i»&ra^sSKote 

-'grooves  on  its  under  sirlp  hp  ^ square  that  slides  into 

d’be  glass  to  which  it  is  onnnt%^°  replaced  if  broken. 

® ‘hallow  socket  in  plate  b w^ipP*^- a circular  disk  lodged  in  a 
'Ower  plate  a that  is  sunk  b^n  ^ ll  into  a part  of  the 

' he  lower  glass  can  be  drawn  ''"i-  plate  B carrying 

fd  laid  upon  the  Dissectine-  Min  shown  in  the  lower  figure) 
^ompressorium  after  the  nbfp  replaced  in  the 

leu.  The  only  drawback  to  tb  ^ prepared  for  compres- 

iconvenience  of  using  it  in  fb^  instrument  lies  in  the 

he  object  from  its  under  side  ^ TbitT^  position  so  as  to  look  at 

•e  two  forms  of  the  in«Tn.ai?  i provided  for  in 

the  instrument  made  by  Messrs,  lieck,  which  are 
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shown  in  Figs.  102,  104.  In  both,  the  upper  and  the  lower  glasses 
avc  fixed,  upo.  a pta  devised  fiy  Mr.  SlacMy  means^f  ^^headed 

Fig.  101.  (Fig.  103,  a),  the  heads  fit- 

ting into  holes  of  the  opposite 
frame,  so  as  to  permit  the 
close  approximation  of  the 
two  glass  surfaces.  In  their  : 
Parallel  Plate  Compressor 
(Fig.  102)  the  constant  paral-  I 
lehsm  of  the  two  plates  is  se- 
cured by  the  two  parallel  , 
bars,  a,  a;  while  the  degree  I 
of  their  aj>proximation  and  ; 
pressure  is  regulated  by  the  | 
screw  h,  which  works  out  of  ' 
centre  in  a conical  hole  of 
the  lower  frame,  so  that,  the  ^ 
further  it  is  introduced,  the  ' 
more  closely  the  two  frames, 
with  their  glasses,  are  ap- 
proximated. This  pattern 
works  egnally  well  whichever 
side  is  uppermost.  In  the 
JicvoTsihlo  Octt  (7o??2/pr6S50?  of 
the  same  makers  (Figs.  103  b, 
104)  the  upper  glass  is  held 
down  by  a ring  a,  which 

Fig.  102. 


Beck’s  Parallel  Plate  Compressoriuni. 


•f  Six" 


dipping  tubes. 
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suitable  to  tlie  kind  of  investigation  lie  may  be  prosecuting.  As  thin 
glasses,  when  used  for  compression,  are  very  liable  to  fracture,  the 


Fig.  103. 


Beck  s Poversible  Cell  Compressoriimi. 

Cent  tas'S  *1?™  ‘he  employment  of 

126  oi  s construction)  is  a great  convenience. 

of  hqiud'^or  ^lmnTl  small  quantities 

mtK  th^MW^^  liquid,  have  to  be  dealt 

. -1  1 ^ a very  great  convenience 

Fio-  105°WtofTo^  a set  of  Tubes  of  the  forms  represented  in 
delknatq  p f Wf  dimensions.  These  were  formerly 

originally  devised  bn  ‘ P^^pose  for  which  they  were 

InsS  la?v^^  fishmg-out  of  Water-fleas,  ^uatic 

gaishable  either  hv  "^l^alcules,  or  other  living  objects  distin- 
^o.  Sass  unaided  eye  or  by  the  assistance  of  a mag- 

are^nnflJ  otv  1°  1 jessels  that  may  contain  them.  But  they 
and  they^m^^  selection  of  minute  Plants  ; 

some  of^hic?  will  he  ^ useful  purposes, 

secure  arobteTwlih'P""'^^'^  hereafter.-When  it  is  desii4d  to 
with  a matrnifviTio- 0-1  either  with  the  eye  alone  or 

the  liquid  ^its  these  tubes  is  passed  down  into 

forefinger ’until  it?lo  j^^’^ugj)een  previously  closed  by  the 

immediately  above  the  oftect; 
tube,  probably  pddenly  rises  into  the 

f>e  the  case  by  nuB^^  +h^  object  up  with  it;  and  if  this  is  seen  to 

contents  remain^^ S f h i the  tube,  its 

posited  on  a slin  of  t^^®  tube  is  lifted  out,  and  may  be  de- 

if  too  copious  for  pifho  ’ lower  disk  of  the  Aquatic-box,  or, 

glass  cell  (Pig  120)  / ^®®®P^cle,  may  be  discharged  into  a large 

iects,  it  will  be  tenorn^l  w ^’^t  minute  ot 

mouthed  tube  thnuo  ^ convenient  to  employ  the  open- 

tor  ‘ flshing  > for’AnimnlT^i^  smaller  orifices,  b,  c,  being  employed 
g lor  Animalcules,  &c.,  in  small  bottles  or  tubes,  or  for 
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selecting  minute  objects  from  the  cell  into  which  the  water  taken 
up  by  the  tube  a has  been  discharged.  It  will  be  found  very  con- 
venient to  have  the  tops  of  these  last  blown 
Pig.  105.  into  small  funnels,  which  shall  be  covered  with 

ABC  tliin  sheet  India-rubber ; for  their  action  (hke 

that  of  the  stopper  of  the  Droppmg-bottle, 
Eig.  138)  can  then  be  regiJated  with  the  greatest 
nicety  by  the  pressure  of  the  finger.  _ 

127.  Glass  Syrimcje.—ln  dealing  with  mnute 
Aquatic  objects,  and  in  a _ great  variety  or 
other  manipulations,  a small 
Fig.  106.  Grlass  Syringe  of  the  pattern 
represented  in  Fig.  106,  and 
of  about  double  the  dimen- 
sions, will  be  found  ex- 
tremely convenient.  “When 
this  is  firmly  held  between 
the  fore  and  mid(Ue  fingers, 
and  the  thumb  is  inserted 
into  the  ring  at  the  summit 
of  the  j)iston-rod,  such  com- 
plete command  is  gained  oyer 
the  piston,  that  its  motion 
may  be  regulated  with  the 
greatest  nicety : and  thus 
minute  quantities  of  fluid 
may  be  removed  or  added,  in 
the  various  operations  which 
have  to  be  performed  m the 
preparation  and  mounting  of 
Objects  (Chap,  v.);  or  any 
minute  object  maybe  selected 
(by  the  aid  of  the  simple  Mi- 
croscope, if  necessary)  from 
amongst  a number  in  the 
same  drop,  and  transferred 
to  a separate  sHp.  A set  of 
such  Syringes,  with  points 
drawn  to  ditt'erent  degrees  of 
fineness,  and  bent  to  different 
curvatures,  will  be  found  to  be  among  the  most  useful  ‘ tools’  that 
the  working  Microscopist  can  have  at  his  command. 

128.  i^orceps.-Anothermstrimentsomdispensable  to  the  Micro 

SiSaSrio?:  f.  ttX  =s 
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Gennau  silver  than  of  steel,  since  the  latter  rusts  far  more  readily ; 
and  as  they  are  not  intended  (Uke  Dissecting-forceps)  to  take  a liriu 


Fig.  107. 


grasp  of  the  object,  but  merely  to  hold  it,  they  may  be  made  very 
hght,  and  their  spidng-portion  slender.  As  it  is  essential,  however,, 
to  their  utihty,  that  their  points  should  meet  accurately,  it  is  well 
tliat  one  of  the  blades  should  be  furnished  with  a guide-pin  passing 
I ; through  a hole  in  the  other. 

, The  foregoing  constitute,  it  is  believed,  all  the  most  important 

I i!  pieces  of  Apparatus  which  can  be  considered  in  the  light  of  Acces- 

I ; series  to  the  Microscope.  Those  which  have  been  contrived  to 
*,  i afford  facilities  for  the  preparation  and  mounting  of  Objects,  will  be 

I I described  in  a future  chapter  (Chap.  v.).  And  the  simple  and 
j efficient  substitute  which  the  Author  has  been  accustomed  to  use 
) for  the  Frog-Plate  thought  essential  by  many  Microscopists,  will  be 
i described  in  Chap.  xx.  under  the  head  of  Circulation  of  the  Blood. 


CHAPTEE  IV. 


MANAGEMENT  OE  THE  M:ICE0SC0PE. 

129.  Table. — The  Table  on  which  the  Microscope  is  placed  when 
in  use,  should  he  one  whose  size  enables  it  also  to  receive  the 
various  appurtenances  which  the  observer  finds  it  convenient  to 
have  within  his  reach,  and  whose  steadiness  is  such  as  to  allow  ot 
his  arms  being  rested  upon  it  without  any  yielding;  it  shotocl, 
moreover,  be  so  framed,  as  to  be  as  free  as  possible  from  any  ten- 
dency to  transmit  the  vibrations  of  the  building  or  floor  whereon 
it  stands.  The  working  Microscopist  will  find  it  a matter  ot  ^at 
■convenience  to  have  a Table  specially  set  apart  for  his  use,  furmshe 
■with  drawers,  in  which  are  contained  the  various  Accessories  ne 
may  require  for  the  preparation  and  mounting  of  objects,  it  ne 
should  desire  to  carry  about  with  him  aU  the  appar^us  he  may 
need  for  the  prosecution  of  his  investigations  in  tofterent  locali- 
ties, and  for  the  mounting  of  Hs  preparations  on  the  spot,  he  wiH 
find  it  very  convenient  to  provide  himself  -with  a small  Uabme  , 
fitted  with  drawers  in  which  every  requisite  can  be  securely 
.and  of  such  a height,  that,  when  laid  upon  an  ordinary  table,  it 
may  bring  up  the  Quekett  or  other  Dissectmg  kEcroscope  placed 
upon  it  to  the  position  most  convenient  for  use.*— If  the  Microscope 
be  one  wHch  is  not  very  readily  taken  out  from  and  b^k  mto 
its  case,  it  is.  very  convenient  to  cover  it  with  a large  beli-giass , 
which  may  be  so  suspended  from  the  ceihng,  by  a cord  carrj^g  ^ 
counterpoise  at  its  other  end,  as  to  be  raised  or  lowered  ™ the 
least  possible  trouble,  and  to  be  entirely  out  of  the  way  ^hen  the 
Microscope  is  in  use.  Similar  but  smaUer  bell-glasses  (wme-glasses 
whose  stems  have  been  broken  answer  very  well)  are  also  useful  tor  . 
the  protection  of  objects  which  are  in  course  of  being  examme 
prepared,  and  wHch  it  is  desirable  to  seclude  from  dust.— tor  the 
puroose  of  Demonstration  in  the  Lecture-room,  a small  traversing 
Platform  may  be  constructed  to  ran  easily  upon  rollers,  and 

* The  dimensions  of  the  Cabinet  which  tlie  Author  has  had 
liimself  fits  size  being  so  adapted  to  that  of  the  box  of  his  Croiich  s Bmocula 
that  the  two  are  received  into  the  same  travelling-case)  are  14  ipches  lon^ 
?;Lhes  broad,  and  4i  inches  high  In  the  middle  there 
drawers,  6 inches  broad,  containing  dissecting  apparatus,  large 

.solutions,  cements,  &c. 
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carry  the  Jlicroscopc  and  Lamp  securely  clamped  down  upon  it,  so 
as  to  be  passed  fi-om  one  observer  to  another.  For  Demonstration 
to  a small  party  sitting  round  a circular  table,  it  is  covenient  to 
employ  a A-shaped  platfoim,  the  vertical  angle  of  wliich  is  pivoted 
to  a weight  placed  in  the  centre  of  the  table,  whilst  the  angles  at 
the  base  are  supported  upon  castors,  so  that  the  platform  may  run 
round  to  each  observer  in  succession.  Or  the  table  itself,  if  not  too 
large,  may  rotate  (like  a dumb-waiter)  upon  its  central  pillar,  as 
made  by  Messrs,  Beck. 

130.  Light. — Whatever  may  be  the  purposes  to  which  the  Micro- 
scope is  appHed,  it  is  a matter  of  the  first  importance  to  secure  a 
pure  and  adequate  Illumination.  For  the  examination  of  the 
greater  proportion  of  objects,  good  dmjlight  is  to  be  preferred  to  any 
other  kind  of  light ; but  good  la'm/plight  is  preferable  to  bad  day- 
hght,  especially  for  the  illumination  of  opague  objects.  When 
dayhght  is  employed,  the  Microscope  should  be  placed  near  a win- 
dow, whose  aspect  should  be  (as  nearly  as  may  be  convenient) 
opposite  to  the  side  on  which  the  sun  is  shining ; for  the  light  of 
the  sun  reflected  from  a bright  cloud  is  that  which  the  experienced 
jMicroscopist  wiU  almost  always  prefer,  the  rays  proceeding  from  a 
cloudless  blue  sky  being  by  no  means  so  well-fitted  for  his  purpose, 
and  the  dull  lurid  reflection  of  a dark  cloud  being  the  worst  of  all. 
The  direct  light  of  the  Sun  is  far  too  powerful  to  be  ordinarily 
used  with  advantage,  unless  its  intensity  be  moderated,  either  by 
reflection  from  a plaster  of  Paris  mirror,  or  by  passage  through 
some  ‘ Modifier  ’ (§  109) ; it  is,  however,  occasionally  used  by  some 
observers  to  work  out  intricate  markings  or  fine  colour,  and 
may  sometimes  be  of  advantage  for  these  purposes,  but  without 
gi’eat  care  would  be  a fertile  source  of  error. — The  young  Micro- 
scopist  is  earnestly  recommended  to  make  as  much  use  of  daylight 
as  possible  ; not  only  because,  in  a large  number  of  cases,  the  view 
of  the  object  which  it  affords  is  more  satisfactory  than  that  which 
can  be  obtained  by  any  kind  of  lamplight,  but  also  because  it  is 
much  less  trying  to  the  eyes.  So  great,  indeed,  is  the  differeifce 
between  the  two  in  this  respect,  that  there  are  many  who  find 
themselves  unable  to  carry-on  their  observations  for  any  length  of 

t time  by  lamplight,  although  they  experience  neither  fatigue  nor 

* Htrain  from  many  hours’  continuous  work  by  daylight.  Even 

■■  ordinary  daylight  may  be  considerably  improved  by  the  inter- 
position of  a glass  globe  of  about  six  inches  in  diameter,  filled  with 
water ; and  this  may  also  be  advantageously  used  for  the  illumina- 
•tion  of  transparent  objects  by  lamp-light,  if  the  water  be  very 
slightly  tinged  with  ammonio- sulphate  of  copper,  which  takes  off  the 
yellow  glare. 

131. _  Lamps. — ^IVhen  recourse  is  had  to  Artificial  light,  it  is 
essential,  not  only  that  it  should  be  of  good  quality,  but  that  the 
airangement  for  furnishing  it  should  be  suitable  to  the  special 
wants  of  the  Microscopist.  The  most  useful  light  for  ordinary  use 
IS  that  furnished  by  the  steady  and  constant  flame  of  a flat-wicked 
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Fig.  108. 


Lamp,  fed  witli  one  of  the  best  varieties  of  Paraffin  oil.  _ his  (with 
its  chimney-shade)  should  ho  so  mounted  on  a stem  I'ising  from  a 
secure  base,  as  to  be  capable  of  adjustment  to  any  height  above  the 
table ; and  on  the  same  stem  should  also  slide  a telescope-arm 
having  a bull’s-eye  condenser  attached  to  it  by  a ball-and-socket 
joint,  in  such  a manner  as  to  be  adjustable  in  any  position  in 
regard  to  the  flame,  and  at  the  same  time  to  be  carried  upwards  or 
doivn wards  with  the  lamp — an  arrangement  originally  de\ised  by 
Mr.  Bockett  (Fig.  108).  It  is  preferable,  however,  to  surrouncl  the 
glass  cliimney  by  a cylinder  of  porcelain,  ha\dng  a large  aperture 
on  one  side  for  the  i^assage  of  the  light;  and  this  may  be  advau- 

tageously  blackened  on  the  outside, ^ con- 
tracted  above  into  a cone,  and  furnished 
with  a shade  over  the  aperture  (as  in  Mr. 
Swift’s  construction.  Fig.  109),  so  that  a.s 
little  light  as  possible  may  enter  the  eye  oi 
the  observer,  except  that  which  proceeds 
from  the  object.  The  lamp  should  be  so 
hung  as  to  lie  capable  of  being  rotated  on 
its  own  vertical  axis  ; so  that  either  the 
whole  breadth  of  the  flame,  or  its  edge 
only,  may  be  turned  towards  the  mirror 
or  condenser,  according  as  ditiused  or  con- 
centrated light  is  required.  In  l\Ir.  Swift  s 
Lamp  (Fig.  110),  the  Bull’s-eye  is  mounted 
on  a separate  stem,  capable  both  of  ver- 
tical elevation  and  of  horizontal  adjust- 
ment, which  rises  from  one  end  of  an  arm 
that  is  pivoted  beneath  the  base  of  the 
brass  cylinder  that  carries  the  lamp ; and 
from  the  other  end  of  this  arm  there  rises 
a second  stem,  carrying  a speculum,  from 
which  additional  light  may  be  reflected 
Avhen  desired.  By  rotating  this  arm  on 
its  pivot,  the  speculum  and  condenser 
are  shifted  together,  so  as  to  direct  the  full  power  of  the  flame 
wherever  it  may  be  required ; an  arrangement  especudly  convenien  . 
for  the  illumination  of  opaque  objects.— As  it 
tremelv  difficult  to  obtain  an  exact  centermg  of  the  illuminaHng 
lipnin  when  very  high  powers  are  employed,  by  mere  hand- shif tings 
of  Se  lamp  ancf  its  condenser,  Messrs.  Dalliuger  and  Drysdale,  m 
+V.P  nrlmirable  investigations  of  whose  results  a summary  will  w 
hieato  [cL®  XI.),  have  found 
use  of  a Lamp  mounted  on  a base  to  winch  a traversmg 

LpTY.P-n+  can  bc  given  in  any  direction  by  rectangular  screws, 
vniqbed  with  an  upright  standard  carrying  two  racks,  on 

I^thod  of  adjustment,  the  observer  is  able,  after  a little  expentn 


Bockett  Lamp. 
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iu  its  use,  to  secure  that  most  iDerfer’t 
Pig.  109. 


Cliimney  and  Shade  of  Swift’s 
Mici’oscope-Lam2D. 

un of  the  Unlit.— 

When  the  Microscope  is  used 
y dayhght,  it  will  usually  be 
tound  most  convenient  to  place 

iLu  ^ that  the 

the  left  hand 

uovT®  It  is  most  im- 

portant  that  no  light  should 
enter  his  eye,  save  that  which 

scm?  the  Micro- 

liX  ’ direct 

tte  light  oTtti^  tn  1m  site  with  his  face 

light  on  the  left  - first  bp*”^^^’  convenient  to  have 

right  hand,  when  thifis^p^^T^^  interfered  with  by 

tion  to  the  min-or  or  in  the  requisite 

minoi,  01  in  adjusting  the  illuminating  apparati 

givo^by  (1876)  p.  165,-Asthe  direcli, 

toolonp  for  citation,  suchns  rwf,„^?  centering  the  illuminating  beam 
Its  results  from  their  own  accofmt  of  them  ^ "’-^'Perience  must  lo 


Swift's  Microscoiie-Lamp. 
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and  secondly,  because,  as  most  persons  in  using  a Monocular 
Microscope  employ  the  right  eye  rather  than  the  left,  the  projection 
of  the  nose  serves  to  cut  off  those  lateral  rays,  wliich,  when  the 
light  comes  from  the  right  side,  glance  between  the  eye  and  the 
eye-piece.  The  side- shades  fitted  by  Mr.  Collins  to  the  eye-piece.s 
of  his  Harley  Binocular  (Fig.  49)  may  be  advantageously  employed 
with  every  instrument  of  that  class. — When  Artificial  Hght  is  em- 
ployed, the  same  general  precautions  should  be  taken.  The  Lamp 
should  always  be  placed  on  the  left  side,  unless  some  special  reason 
exist  for  placing  it  otherwise  ; and  if  the  Object  under  examination 
be  tvanspaTent,  the  lamp  should  be  placed  at  a distance  from  the 
eye  about  midway  between  that  of  the  stage  and  that  of  the  mirror. 
In  the  examination  of  objects  of  the  greatest  delicacy  and  dimcmty, 
however,  in  which  it  is  important  to  get  rid  of  the  reflecLon  froni 
the  front  surface  of  the  Mirror,  a rectangular  Prism  should  be  sub- 
stituted for  it,  when  the  conditions  of  the  observation  necessitate 
the  use  of  the  Microscope  in  the  vertical  position ; but  when  the 
instrument  can  be  inclined,  the  Lamp  may  be  most  advantageously 
placed  in  the  axis  of  the  Achromatic  Condenser  or  other  muininator, 
so  that  its  light  may  be  transmitted  to  the  object  without  uiter- 
mediate  reflexion.  If,  on  the  other  hand,  the  Object  be  opaque  the 
Lamp  should  be  at  a distance  about  midway  behind  the  eye  and  the 
stacre ; so  that  its  light  may  fall  on  the  object  at  an  angle  of  about 
45°°with  the  axis  of  the  Microscope. — The  passage  of  direct  rays 
from  the  flame  to  the  eye  should  be  guarded  against  by  the  mter- 
position  of  the  lamp-shade  ; and  no  more  light  should  be  diffused 
through  the  apartment,  than  is  absolutely  necessary  ror  othei 
purposes.  If  observations  of  a very  delicate  nature  arebemg  made, 
it  is  desirable,  alike  by  daylight  and  by  lamplight,  to 
lateral  rays  from  the  eye  as  completely  as  possible  ; and  this  ma} 
be  readily  accomplished  by  means  of  a shade  made  hke  the 
part  of  a Mask,  and  lined  with  black  cloth  or  velvet,  which  should 
be  fixed  on  the  ocular  end  of  the  Microscope. 

133.  Care  of  the  Although  _ most  Microscopists  who 

habitually  work  with  the  Monocular  microscope  acqmre  a habit  ot 
employing  only  one  eye  (generally  the  right),  yet  it  waU  be  decidedly 

advantageous  to  the  beginner  that  he  should  learn  to  use  either  eye 
indifferently ; since  by  employing  and  restmg  each  altemately,  he 
may  work  much  longer  without  incunlng  unpleasant  or  injurious 
fatigue,  than  when  he  always  employs  the  saine.— W hether  or  no 
he  do  this,  he  will  find  it  of  great  importance  to  acquire  the  habi 
of  heeping  open  the  unemployed  eye.  This,  to  such  as  are 
tomed  to  it:  seems  at  first  very  embarrassmg,,  on  account  of  t o 
interference  with  the  microscopic  image,  winch  is  occasioned  by  the 
nictiire  of  suiTounding  objects  formed  upon  the  retina  of  the  second 
re  habit  ot  restricting  the  attention  to  that  ™l>™“.on 

ohy  which  is  received  through  the  mioroseopic  eye,  may 
be  soon  acquired  ; and  when  it  has  once  been  formed,  all  qimcu  t> 
ceases  Those  who  find  it  unusually  difficult  to  acquire  this  habit, 
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may  do  well  to  learn  it  in  the  first  instance  with  the  assistance  of 
the  shade  just  described ; the  employment  of  which  will  permit  the 
second  eye  to  be  kept  open  without  any  confusion. — So  much 
advantage,  however,  is  derived  from  the  use  of  the  Binocular 
an-angement,  either  stereoscopic  or  non-stereoscopic,that  the  Author 
would  strongly  recommend  its  use  to  every  observer,  save  in  cases 
of  exceptiontil  difficulty.  There  can  be  no  doubt  that  the  habitual 
ipe  of  the  INIicroscope,  for  many  hours  together,  especially  by  lamp- 
light, and  -svith  high  magnifying  powers,  has  a great  tendency  to 
injure  the  sight.  ■ Every  Microscopist  who  thus  occujues  himself’, 
therefore,  will  do  well,  as  he  values  his  eyes,  not  merely  to  adopt  the 
various  precautionary  measures  already  specified,  but  rigorously  to 
keep  to  the  simple  rule  of  not  continuing  to  observe  any  longer  tlum 
he  can  do  so  xoitliotd  fatigue.*' 

134.  Care  of  the  Microscope. — Before  the  Microscoi^e  is  Ijroxight 
into  use,  the  cleanhness  and  dryness  of  its  glasses  ought  to°be 
ascertained.  If  dust  or  moisture  should  have  settled  on  the  Mirror, 
this  can  be  readily  wiped  offi  If  any  spots  should  show  them- 
selves on  the  field  of  view,  when  it  is  illuminated  by  the  mirror, 
these  are  probably  due- to  particles  adherent  to  one  of  the  lenses  of 
the  Eye-piece  : and  this  may  be  determined  by  turning  the  eye- 
piece round,  which  wiU  cause  the  spots  also  to  rotate,  if  their  source 
Ues  in  it.  It  may  very  probably  be  sufficient  to  wipe  the  upper 
.surihee  of  the  eye-glass  (by  removing  its  cap),  and  the  lower  surface 
of  the  field-glass  ; but  if,  after  this  has  been  done,  the  spots  should 
still  present  themselves,  it  will  be  necessary  to  unscrew  the  lenses 
from  their  sockets,  and  to  wipe  their  inner  surfaces ; taking  care 
to  screw  them  finnly  into  their  places  again,  and  not  to  confuse  the 
lenses  of  different  eye-pieces.  Sometimes  the  eye-glass  is  obscured 
by  dust  of  extreme  fineness,  which  may  be  carried  off  by  a smart 
I puff  of  breath ; the  vapour  which  then  remains  upon  the  surface 
l)emg  readily  dissipated  by  rapidly  moving  the  glass  backwards 
; and  forwards  a few  times  through  the  air.  And  it  is  always 
csirable  to  try  this  plan  in  the  first  instance ; since,  however  soft 
the  substance  with  which  the  glasses  are  wijxed,  their  polish  is 
1 impaired  in  the  end  by  the  too  frequent  repetition  of  the  process. 
Lhe  best  material  for  wiping  glass  is  a piece  of  soft  wash-leather, 
rom  wffich  the  dust  it  generally  contains  has  been  well  beaten 
Object-glasses  be  carefully  handled,  and  kept  in  their 

attributes  to  bis  rigorous  obseiwance  of  the  above  rule  bis 
any  injurious  affection  of  bis  visual  organs,  notwitb- 
•ntofi  f ^ f a ■whole  amount  of  Microscopic  study  wbicb  be  bas  prose- 
m proportion  bas  been  necessarily  earned 

I'ght  most  of  Ins  daylight  hours  having  been  occupied  in  other 
vithmif  found  tlio  length  of  time  during  'which  he  cuu  ‘niicrosconijce  ’ 

different  periods  ; balf-an-bour’s 
tone  lioa  a^'hicicnt  to  induce  discomfort,  whilst  on  other  occasions 

letii  by  three  or  four  hours’  almost.continuous  use  of  the  instru- 

is  generaUystera^  visual  endurance  being  usually  in  relation  to  the  vigour  of 
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boxes  wlicii  not  in  use,  they  will  not  be  likely  to  require  cleansing. 
One  of  the  chief  dangers,  however,  to  which  they  are  liable  in  the 
hands  of  an  inexperienced  Microscopist,  arises  from  the  neglect  of  ^ 
precaution  in  using  them  with  fluids ; which,  when  allowed  to  j 
come  in  contact  wtih  the  surface  of  the  outer  glass,  should  be 
wiped  off  as  soon  as  possible.  In  screwing  and  unscrewing  them, 
great  care  should  be  taken  to  keep  the  glasses  at  a distance  fi'om 
the  surface  of  the  hands;  since  they  are  liable  not  only  to  be 
soiled  by  actual  contact,  but  to  be  dimmed  by  the  vaporous  exha- 
lation from  skin  which  they  do  not  touch.  This  dimness  will  be 
best  dissipated  by  moving  the  glass  quickly  through  the  air.  It  i 
will  sometimes  be  found,  on  holding  an  Object-glass  to  the  light,  j 
that  particles  either  of  ordinary  dust,  or  more  often  of  the  black  j 
coating  of  the  interior  of  the  Microscope,  have  settled  upon  the 
surface  of  its  back-lens  ; these  are  best  removed  by  a clean  and  dry 
camel’s-hair  pencil.  If  any  cloudiness  or  dust  should  stiU  present 
itself  in  an  object-glass,  after  its  front  and  back  surfaces  have  been 
(Carefully  cleansed,  it  should  be  sent  to  the  maker  (if  it  be  of  i 
English  manufacture)  to  be  taken  to  pieces,  as  the  amateur  will  !: 
seldom  succeed  in  doing  this  without  injury  to  the  work;  the  | 
foreign  combinations,  however,  being  usually  jmt  together  in  a 
simpler  manner,  may  be  readily  unscrewed,  cleansed,  and  screwed  ; 
together  again.  Not  ^infrequently  an  objective  is  rendered  dim  by 
the  cracking  of  the  cement  by  which  the  lenses  are  united,  or  by 
the  insinuation  of  moisture  between  them;  this  last  defect pcc^ 
sionally  arises  from  a fault  in  the  quality  of  the  glass,  which  is  | 
technically  said  to  ‘ sweat.’  In  neither  of  these  cases  has  the  :■ 
Microscopist  any  resource,  save  in  an  Optician  experienced  in  this  q 
kind  of  work ; since  his  own  attempts  to  remedy  the  defect  are  pretty  ^ 
sure  to  be  attended  with  more  injury  than  benefit.  | j 

135.  General  Arrangement  of  the  Microscope  for  Use.  The  » 
inclined  position  of  the  instrument,  already  so  frequently  refeiTed  ' ■ 
to,  is  that  in  which  observation  by  it  may  be  so  much  more  advan-  ^ : 
tageously  canled-on  than  in  any  other,  that  recourse  should  always  w 
be  had  to  it,  unless  particular  circumstances  render  it  unsuitable.  M 
The  precise  inclination  that  may  prove  to  be  most  convenieutuB 
ivill  depend  upon  the  ‘ build  ’ of  the  Microscope,  upon  the  hei^htd| 
of  the  observer’s  seat  as  compared  with  that  of  the  table  on  which;, ■ 
the  instrument  rests,  and  lastly,  upon  the  sitting-height  of  the»/B 
individual;  and  it  must  be  determined  in  each  case  by  Ins  ownt'® 
experience  of  what  suits  him  best — that  which  he  finds 
comfoiiahle  being  that  in  wliich  he  will  be  able  not  only  to  work 
the  longest,  but  to  see  most  distinctly. — The  selection  of  the  > ■ 
Objectives  and  Eye-pieces  to  be  employed  must  be  entirely  defar-  .■ 
mined  by  the  character  of  the  object.  Large  objects  presenting 
no  minute  structural  features  should  always  be  examined  in  tin  .■ 
first  instance  by  the  lowest  powers,  whereby  a general  new  oi  ■ 
their  nature  is  obtained ; and  since,  with  lenses  of  comparativeli  a 
long  focus  and  small  angle  of  aperture,  the  precision  of  the  loca  ■ 


GENEEAL  AEEANGEMENT  EOE  USE.  Igj 

adjustment  is  not  of  so  mncli  consequence  as  it  i«  -+i  i i 

])owers,  not  only  those  narts  o-i-n  i ^ higher 

focus,  but  those  also  cai  be  tolerably^ wSl'disf" 
are  not  precisely  in  that  nlane  bnt  ^^Y^stingmshed  which 
remote.  When  tlfe  generauleet  ” ““'-o 

examined  throuo-h  low  powers  its  rl^t  ^een  sufficiently 

a higher  amplifica^  anf  thi  I e'  scimtinized  undel- 

instance,  if  the  obfect  be  so  mWpT 

made  out  respecting  it  save  wheTa  veiw  enffi  " a"'- 
f he  power  needed  in  each  parUVnlm-  ^ ^^^^S^ed  image  is  formed, 
experience;  that  wffich Ts  be  learned  by 

objects  hereafter  to  be  dScriSd  it  of 

In  the  general  examiSt  of  U head, 

range  of  power  thaH  afforded  b^lf^  objects,  the 

Objective  (§  159,  I.)  wiU  often  be  fonnrl  ® ^^jnstable  Low-power 
exchange  of  a low  Xei  for  a ht.  whdstfor  the  ready 

afforded  by  the  d^ose^iece  (§  96).^''^^^  convenience  is 

power,  he  has  ^[^clffficeTetwSVth^^  augment  his  magnifying 
shorter  focus,  and  the  use  of  a Objective  of 

complete  series  of  Objectives  he  wil/t  H he  possess  a 

stitiite  one  of  these  fT  aCtht^^^^^  «^^b- 

a deeper  one ; but  if  his  ‘ powers  ’ be  spt  Eye-piece  for 

he  _wiU  be  able  to  break  ffe  abruntt  ^ intervals, 

cation  which  they  prodncp  b^r  b^9Pl^®ss  of  the  increase  in  amplifi- 

shaUower  and  thL^with  the^deenJr^U^^^  Objective  first  withthe 
scope  be  provided  oX  ^tfi  tT  ifaMicro- 

mch  focus  respectivelyf  and  with  tw^t""-^  of  1-mch  and  l-4th 

the  power  of  the  other  Eye-pieces,  one  nearly  double 

obtained — 60,  90  240  S60  A'  ^ange  as  the  following  may  be 

of  somewhat  Shorter  L or,  with,  two  ObjecLes 

rench  and  German  instimmeite  ^ some 

in  the  examination  of  laS  0mm  diameters, 

■aces,  it  IS  generally  preferable  to  merpn^'^^+v.^  having  uneven  sur- 
.nece  rather  than  by  the  0 bj  the  Eye- 

f snch  objects  may  usuall/  bp  lb/  ' ^ i ^ satisfactory  view 
' bjective  and  the Eye  ^iece  thr'^-r^^  or  iinch 

I^ective  and  the  a EytSece  TE  1-inch 

• artue  of  their  smaller  aLio  5 AneiW  *bat  in 

: mnch  greater  amount  of  Objectives  first  named 

:,epth  than  the  latter  (S  158  iP  S power’  or  ‘focal 

q^uahty  is  of  thp  IH.  + •’  ^nd  in  the  case  just  specified 

■^(1  83)  Ules 

dymg  power  of  his  instramS  ^ ^ary  the  maa. 

‘■act  number  of  diametSThp^’TriT^  ^i^ost  any 

Ivn^+^®  restricted  by  the  focal  lent^E^^^l’ hmits  to 
antage  to  be  derived  however  .,?^b  °f  his  Objectives.  The 
from  the  use  of  the  Draw Se  ^ ^'’°P\‘'ieep  Eye-piecing’ 

‘ahty  of  the  Object-glass  4on  the 

glass.  For,  ffi  it  be  imperfectly  corroited,  its 
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errors  are  so  much  exaggerated,  that  more  is  lost  in  definition  tliau 
is  gained  in  amplification ; whilst,  if  its  apertures  he  small,  the  loss 
of  light  is  an  equally  serious  drawback.  On  the  other  hand,  an 
Objective  of  perfect  correction  and  adequate  angle  of  aperfure 
will  sustain  this  treatment  with  so  little  impairment  in  the  perfec- 
tion of  its  image,  that  a magnifying  power  may  be  obtained  by  its 
use,  such  as,  with  an  inferior  instrument,  can  only  be  derived  from 
an  Objective  of  much  shorter  focus  combined  with  a shallow  Eye- 
piece.— The  Author  thinks  it  a great  mistake,  however,  to  attempt 
to  make  an  Objective  of  medium  power  ordinarily  do  the  work  on 
which  an  Objective  of  high  power  should  properly  be  employed. 
Eor  not  only  can  it  not  be  brought  up  to  this  without  such  an  in- 
crease of  its  angle  of  aperture  as  unfits  it  for  its  own  proper  work, 
but  the  ‘ deep  eye-piecing  ’ required  cannot  be  had  recourse  to 
habitually  without  exposing  the  eyes  to  severe  overstrain.  The 
advantage  of  low  Eye-pieces  and  deep  Objectives,  as  compared  with 
deep  Eye-pieces  and  low  Objectives,  has  been  very  well  put  by 
likening  it  to  the  comfort  of  reading  large  print  without  spectacles, 
or  with  spectacles  suited  to  the  sight,  and  reading  small  piint  with 
a magnifying-glass.  i 

137.  In  making  the  Focal  Adjustment,  when  low  powers  are  ' 
used,  it  wiU  scarcely  be  necessary  to  employ  any  but  the  coarse  j 
adjustment,  or  ‘quick  motion;’  provided  that  the  rack  be  well  j 
cut,  the  pinion  work  in  it  smoothly  and  easily,  without  either 
‘ spring,’  ‘ loss  of  time,’  or  ‘ twist,’  and  the  milled-head  be  lai'ge 
enough  to  give  the  requisite  leverage.  All  these  are  requisites 
which  should  be  found  in  every  well-constructed  instrument ; and 
its  possession  of  them  should  be  tested,  like  its  freedom  from  j 
vibration,  by  the  use  of  high  powers,  since  a really  good  coarse  J 
adjustment  should  enable  the  observer  to  ‘ focus  ’ an  Objective  of  | 
l-8th  inch  with  precision. — What  is  meant  by  ‘ spring  ’ is  the  1 
alteration  which  may  often  be  observed  to  take  place  on  the  with-  j 
drawal  of  the  hand;  the  object  which  has  been  brought  precisely  I 
into  focus,  and  which  so  remains  as  long  as  the  miUed-head  is 
between  the  fingers,  becoming  indistinct  when  the  milled-head  is  | 
let  go.  The  source  of  this  fault  may  lie  either  in  the  rack-move-  | 
ment  itself,  or  in  the  general  framing  of  the  instrument,  which  is  || 
so  weak  as  to  allow  of  displacement  by  the  mere  weight  or  pressum  Ij 
of  the  hand : should  the  latter  be  the  case,  the  ‘ spring  ’ may  be  in  iJ 
great  degree  prevented  by  carefully  abstaining  from  heari ng  on  the  II 
milled-head,  which  should  be  simply  rotated  between  the  fingers.  M 
By  ‘ loss  of  time  ’ is  meant  the  want  of  sufficient  readiness  in  the  II 
action  of  the  pinion  upon  the  rack,  so  that  the  milled-head  may  bell 
moved  slightly  in  either  direction  without  affecting  the  body  :D 
thus  occasioning  a great  diminution  in  the  sensitiveness  of  thcll 
iidjustment.  This  fault  may  sometimes  be  detected  in  Microscope^Jl 
of  the  best  original  construction,  winch  have  gradually  worked  loos(« 
owing  to  the  constancy  with  wliich  they  have  been  in  cmplovJB 
ment;  and  it  may  often  be  corrected  by  tightening  the  screws  tli!ii» 
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biino'  t]ie  piuion  to  Jjeai*  ao-ainst  tlie  ra  r'lr A n ri  c x • j > • 

bod®£"S 

in  the  •working’  parts  * As  this  las+°f  u j coirect  fitting 
original  wIcliLship, 

S'tttS7the  ™ep7„roi  ?h 

: sroT«7L‘.i” 

: s ob,^“  1 

"Which  the  Objectives  ai-e  s?rew°ed.— T?£s^^p^.  P^’o^^ied,  into 

: d£nc?k*&n1C®Obi*oti^ 

snses  or  to  the  object  and  whp^  if^° 

egard  to  these,  it  becomes  so  much  habituaUy  practised  with 
>i«  almost  ^ ' - 

t less  than  Oy?»‘™s 


f less  than  haif-S.rch  focL  if  Ad|ustment  with  Objectives 
enieut  to  employ  the  ^ generally  found  con- 

»o„je  will  f,eqLntiy1,e  hJXSTjLSlSZ^TS!^^  « 


icourse  will  frequently  be  had  tTitf  as  ^ slow  motion  ; ’ and  as 

so,  it  is  very  imporSt  that  ih  «h^  n purposes 

^od  working^oX  %il  1 constructed  aid  in 

•sting  it,  ar?  for  the  most  iiaTthp^"^  particularly  looked-to  in 
rehtion  to  the  coarse  moVment  i ^1^'eady  noticed 

nably,  producins’  that  nvn  7 x ' 7 ^l^ould  work  smoothly  and 

>ve,  that  any  movement  of  the  nSSe^ad  shoK  o7e °m“7e‘ 

Id  LO.<lfjnn»  • 


^uld  bi  taken  that  the  light  retleotod  f ^°tl  »‘l],«stmeut  for  ‘ twist,’ caro 
^'■tEthe  illuminating  rays  arc not  oblique; 
?f  focus,  will  appear  to  SiR^ if  ‘?; 
the  adjustments  work  well)  when  illSSi  Tx^alV* 

AI  2 ' 
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its  action  apparent  by  an  alteration  in  the  distinctness  of  the 
image,  when  high  powers  are  employed,  without  any  ‘loss  of  time. 
And  its  action  should  not  .give  rise  to  any  twisting  or  displacing 
movement  of  the  image,  which  ought  not  to  be  in  the  least  de^ee 
disturbed  by  any  number  of  rotations  of  the  miUed-head,  still  les.s 
by  a rotation  through  only  a few  degrees.  One  great  use  of  tms 
adjustment  consists  in  bringing  into  view  different  strata  ot  the 
object,  and  this  in  such  a gradual  manner  that  their  connexion 
with  one  another  shall  be  made  apparent.  AVhether  an  Opaque  or 
a Transparent  object  be  under  examination,  only  that  part  which 
is  exactly  in  focus  can  be  perfectly  discerned  under  any  power , 
and  when  high  powers  of  large  angular  aperture  are  employed,  this 
is  the  only  part  that  can  be  seen  at  all.  A minute  alteration  ot 
the  focus  often  causes  so  different  a set  of  appearances  to  be  pre- 
sented, that,  if  this  alteration  be  made  abruptly,  the  relation  of  each 
to  its  predecessor  can  scarcely  be  even  guessed  at ; and^the  gradual- 
1 
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will  be  difficult  or  even  impossible  to  determine  with  the  Mono- 
cular microscope  which  of  them  is  the  nearer  and  which  the 
more  remote,  unless  it  be  ascertained  by , the  use  of  the  ‘ slow 
motion,’  when  they  are  successively  brought  into  focus,  whether 
the  Objective  has  been  moved  towards  or  aioay  from  the  object.* 
Even  this,  however,  will  not  always  succeed  in  certain  of  the  most 
difficult  cases,  in  which  the  difference  of  level  is  so  shght  as  to  be 
almost  inappreciable  ; as,  for  instance,  in  the  case  of  the  markings 
on  the  sihceous  valves  of  the  Diatoms  (Mg.  166.) 

139.  When  Objectives  of  short  focus  and  of  wide  angular  aperture 
are  in  use,  something  more  is  necessary  (save  in  the  case  of  ‘ homo- 
geneous-immersion’ lenses,  § 20),  than  exact  focal  adjustment; 
this  being  the  adjustment  of  the  Objective  itself,  wliich  is  required 
to  neutrahze  the  disturbing  effect  of  the  glass  cover  upon  the 
coui'se  of  the  rays  proceeding  from  the  object  (§  17),— unless  (as 
in  the  Objectives  now  commonly  made  for  Students’  Microscopes) 
they  are  constructed  for  working  onhj  with  cover-glasses  of  a certain 
standard  tliickness.  For  such  ad.justment,  it  will  be  recollected,  a 
power  of  altering  the  distance  between  the  front  pair  and  the 
remainder  of  the  combination  is  required;  and  tliis  power  is  obtained 
in  the  following  manner : — The  front  pair  of  lenses  is  fixed  into  a tube 

(Fig.  Ill,  a),  which 
i'iG.m.  slides  over  an  interior 


'ncovercd. 

Covered. 


tube  (b)  by  which  the 
other  two  pairs  are 
held ; and  it  is  drawn 
up  or  down  by  means 
of  a collar  (c),  which 
works  in  a furrow  cut 
in  the  inner  tube,  and 
ujDon  a screw-thread 
cut  in  the  outer,  so 
that  its  revolution  in 
the  plane  to  which 
it  is  fixed  by  the  one 
tube  gives  a vertical 
movement  to  the 
other.  In  one  part  of 
the  outer  tube  an  ob- 
long slit  is  made,  as 
seen  at  n,  into  which 
projects  a small 
tongue  screwed  on 
e inuei  tube  ; at  the  side  of  the  former  two  horizontal  fines  are 
igrayed’  one  pointing  to  the  word  ‘ uncovered,’  the  other  to  the 
p covered;  whilst  the  latter  is  crossed  by  a horizontal  mark, 
inch  IS  brought  to  coincide  with  either  of  the  two  fines  by  tlie 

of  this  kind  that  the  great  advautago  of  tho  Stereoscopic 
nocular  arrangemeut  makes  itself  most  felt  (_§§  30-10). 
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rotation  of  the  screw-collar,  whereby  the  outer  tube  is  moved  up  or 
down.  When  the  mark  has  been  made  to  point  to  the  line  ‘ un- 
covered,’ it  indicates  that  the  distance  of  the  lenses  of  the  object- 
glass  is  such  as  to  make  it  suitable  for  viewing  an  object  without 
any  interference  from  thin  glass ; when,  on  the  other  hand,  the 
mark  has  been  brought  by  the  revolution  of  the  screw-collar  into 
coincidence  with  the  line  ‘ covered,’  it  indicates  that  the  front  leus^ 
has  been  brought  into  such  proximity  with  the  other  two,  as  to 
produce  a ‘ j)Ositive  aberration  ’ in  the  Obj  ective,  fitted  to  neutralize 
the  ‘ negative  aberration  ’ produced  by  the  interposition  of  a glass 
cover  of  extremest  thickness.  But  unless  this  conrection  be  made, 
with  the  greatest  precision,  to  the  thickness  of  the  particular  cover 
in  use,  the  enlargement  of  the  Angle  of  Aperture,  to  which 
Opticians  have  of  late  applied  themselves  with  such  remarkable 
success,  becomes  worse  than  useless ; being  a source  of  diminished 
instead  of  increased  distinctness  in  the  details  of  the  object,  which 
are  far  better  seen  with  an  Objective  of  greatly  inferior  aperture, 
possessing  no  special  adjustment  for  the  thickness  of  the  glass. 
The  following  general  rule  is  given  by  Mr.  Wenham  for  securing 
the  most  efficient  performance  of  an  Object-glass  with  any  ordinary 
object ; — “ Select  any  dark  speck  or  opaque  portion  of  the  object,  I 
and  bring  the  outline  into  perfect  focus ; then  lay  the  finger  on 
the  milled-head  of  the  fine  motion,  and  move  it  briskly  backwards 
and  forwards  in  both  directions  from  the  first  position.  Observe 
the  expansion  of  the  dark  outline  of  the  object,  both  when  within  I 
and  when  without  the  focus.  If  the  greater  expansion,  or  coma, 
is  when  the  object  is  without  the  focus,  or  farthest  from  the  Objec-j 
live,  the  lenses  must  be  placed  farther  asimder,  or  towards  the 
mark  ‘uncovered.’  If  the  greater  coma  is  when  the  object  is  wifhui'l 
the  focus,  or  nearest  to  the  Objective,  the  lenses  must  be  brought  I 
closer  together,  or  towards  the  mark  ‘ covered.’  IVhen  the  object- 1 
glass  is  in  proper  adjustment,  the  expansion  of  the  outline  is| 
exactly  the  same  both  within  and  without  the  focus.”  A different 
indication,  however,  is  afforded  by  such  ‘ test-objects  as  presenti 
(like  the.  Podura-scale  and  the  Diatomacere)  a set  of  distinct  dot" 
or  other  markings.  For  “ if  the  dots  have  a tendency  to  run  int 
lines  when  the  object  is  placed  without  the  focus,  the  glasses  must 
be  brought  closer  together ; on  the  contrary,  if  the  lines  appeail 
when  the  object  is  within  the  focal  point,  the  lenses  must  be  far! 
ther  separated.”  * When  the  Angle  of  Aperture  is  very  wide,  thu 
difference  in  the  aspect  of  any  severe  test  under  different  adjust! 
ments  becomes  at  once  evident ; markings  which  are  very  distinci 
when  the  correction  has  been  exactly  made,  disappearing  ahnosj 
instantaneously  when  the  screw-collar  is  turned  a little  way  roimd.T 

* See  “ Quai't.  Jouru.  of  Microsc.  Science,”  Vol.  ii.  (1854),  p.  138. 
t Mr.  Wenham  remarks  (loc.  cit.),  not  Avithout  justice,  upon  the  difficulty 
making  this  adjustment  even  in  the  Objectives  of  our  best  Opticians;  nml  i 
states  that  ho  has  liimsolf  succeeded  much  better  by  making  the  (/t/fer  tuu 
the  fixture,  and  by  making  the  tube  that  carries  the  other  pairs  slide  witui 


ADJUSTMENT  OF  OBJECT-OLASS. 

tinU?'.  perfect  coiTection  required  for  each  uar- 

it  if  (^liich  depends  not  merely  upon  the  thicknesfif 

fe  glass  coTer  but  upon  that  of  the  fluiS  o?  balsam  in  S it 
may  be  mounted)  can  only  be  found  by  experimental  trial,  yet  for 
i,v  Pj-jrposes,  the  following  simple  method,  first  i^vised 

LmdM^ro'i;ri“  Th“  objecbglass,  adjusted  to  ™n 

to  the  object;  the  screw-collar  is  next 
to  be  turned  untd  the  surface  of  the  glass  cover  comes  into  focus  as 

tbp^  1^'  by  the  spots  or  strim  by  which  it  may  be  marked  • 

ltion^“*i*Y  VthTS 

ticidar'adhistn^mt  *1,'’  graduated,  the  par- 

reomhe  V ^ t)een  found  to 

eqmie,  and  of  which  a record  has  been  kept,  may  be  made  ao-ain 

juthout  any  difficulty  .—By  Messrs.  Smith  and  Be^,  however  who 
st  introduced  this  graduation,  a further  use  is  made  of  it  ’ Bv 
experiments  such  as  those  described  in  the  last  paraoraph  the 
con^t  adjustment  is  first  found  for  any  particular  obiect  and  the 
H^ber  ot  divisions  observed  through  4ich  the  Srew-coUar  mSt 
be  moved  m order  to  bring  it  back  to  0°,  the  position 
an  imcovered  object.  The  thickness  of  the  glass  cover  must  then 
bo  measured  by  means  of  the  ‘ slow  motion this  is  doLZ  W 
the  focus,  first  the  object  itself,  and  then  the  suri^e  of 

I ■if?  ‘‘“d  observing  the  number  of  divisions  thrnuob 

which  the  miUed-head  (which  fs  itself  graduated)  hTLieTf 

definite  ratio  between  that  thickness  of 
thfcf’pff  con-ecBon  required  in  that  particular  Objective  is 
us  established;  and  this  serves  as  the  guide  to  the  rpmn’siUp 
comebon  for  any  other  thickness,  wliich  hSs  been  deteimS  jii 

tMclmr  J 1'°’^  supposing  a parSculS 

Wl  o7  the  *“  measured  by  12  divisions  of  the  milled- 
Hip  m,-  slow-motion,  and  the  most  perfect  performnncp  r>+‘ 

^^diSio?rZn^a  tHcZ®'^  screw  collar  through 

Hipywm  a thickness  of  glass  measured  bv  9 divisiou<i  nf 

he  m iied-head  woiild  require  the  screw-collar  to^be  adZted  to 

SwoTSr  f V *“  effeet-  The  ratio  between  the 

lation?  je  'ey  “o  means  the  same  for  different  combi 

*»  'ee  determined  for  each  ObiSe  l^ris 
-f  Ws’kMes'"  Lf  *’'*“■  ®**®“t,i“dge  of  the  best  -pohita’ 

eir  AHwnSf’  “ae'e  by  the  Microscoifist  S 

liaii  that  of  MrVowdl  *vrf  -Ff®™  “emewhat  more  complex- 
01  mr.  iowell,  yet  it  is  more  perfect;  and  when  the 

'li'i'l'pon  S “af  SI.?.’:?'  ““  r“°,“  i»  ‘ho  revolviUB 

’ fltacLd  to  U,o  inner -““o  SiShU  »1;‘  in  the  onlor  tube,  to 

Pticians,  are  (the  Author  hr  ,Wp^  Objectives  of  the  first-class  American 
^•ffented  by  the  constructed  so  that  the  adjustment 

^■nded  by  Mr.  VFeuham  ^ combinations,  as  long  since  recom- 
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ratio  between  the  two  sets  of  cbvisions  has 

the  adjustment  does  not  ready  mvolve  more  “S  . 

use  is  made  of  this  adjustment  by  Messrs.  Smith  and  Beck  , 
namely  to  correct  tlie  disturbance  in  the  performance  of  ^bjec 
tives,  which  is  made  by  the  increase  of  '^,s‘^”“’**X“i)rlw  tiw 
tive  and  the  Bye-piece,  occasioned  by  the  S,e  Draw- 

(&  Accordinelv,  they  mark  a scale  of  inches  on  the  -Uraw 

tlS  (which  is  us&Jl  for  many 

eyeiT  inch  the  body  is  lengthened,  the  screw-collar  of  the  Objecti 

shall  be  moyed  through  a certam  number  of 

14.1  Arrcmoement  for  Transparent  Objects.— i±  tHe 
already  ‘ ZuTed’  in  a slide,  notliing  more  is  ^ece««ary  in  ordei 
to  brin^o-  it  into  the  right  position  for  yiewmg  it,  than  to  lay  t 

gZnfofftta  lUMLJSopffs'’m^^^^ ; and  I plate  o^^n 
feeS  toTento&rdLihul'V  a'S.y  disposed  to  erf  up 

» ttat^  Wt  P^f  a-® 

sSply  to  be  laid’on.a  slip  of  J^idd  StrgeSt  wSl  ^ 

thin  glass ; if  the  object  oi  the  G^an  i y ^ -^^hilst,  if  the  object  |g 
be  better  to  place  it  in  a the  Zoop ^ 

the  case  of  minute  lii^g  .s^thout  restrain- 

limit  (so  as  to  keep  them  wito  the  follmving 

ing  them  by  compression  X dro^^f'vS  taken  up  with 
plan  extremely  convenient,  ^ to  fall  into  a concave 

the  animal  by  the  may  be  renioveil 

shde  (Fig.  122),  the  whole  of  the  superfluous  .y 

p7tte  sW  (§  127)  only  i^fV/rfnSnnfe  if  is  convenU 
the  animal  alive.  If  the  anima  y stage  of  the 

to  efiect  this  withdrawal  by  placing  the  si  o • ^^der  the 

Dissecting  Microscope  (§  M)^  aftefa®little  practice,  that  tli. 
magnifier ; and  it  will  be  f . the  movements  oi 

rpttr,rs^:"e’place  of  the  point  of  the  synngef 
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it  IS  desiied  to  isolate  a particular  animal  from  a number  of  otlim-s’ 
tlie  sjnnge  may  be  conveniently  used,  after  the  s^e  fasMon  to 
if  transfer  it  to  another  slide  ; care  beino-  of  course 

itelve  ?t1ree^^^  ^ sufficient^^perture  to 

for  the  expansion  ov  flaCtg  oi 

=iisiss»a« 

from  the  Ld  of™Microsc^^^ 

useful.  -Lioroscope,  tJiat  the  Compressor  is  most 

itiMttefatlZrfrC*’*’’  °!>jZ  i^^tmitted  to  examination. 

fenrih-  sz!! 

wherenn  i?  7 ®t^oe  ; m others  it  is  a carriage  of  some  kind 

pWoZiteAfltr^*'’-  “ °PT’  “ ‘he  eS 

.guided  his  obiect  os  npn  ^ fixed  jilane  beneath.  Having- 

r^?Xh  am  reS'X  iteVf  m/er‘SaZ  Ihe 

i-ays  to  convergence  ’•  ^^^e 

fPig.  112).  The  di<3f^r.P  the  object  lies 

beneath  the  staae  is  that  ft -f  Vi  should  be  ordinarily  set 

but  this  dis  wf  Lhof  m to  a focus ; 

«ning  ofTe  sSm  tf  fi  elongation,  by  the  length: 

^Uvefging  fVoi^Taiin  attached,  since  the  rays 

a focus.  The  correct  distance  are  not  so  soon  brought 

judged  by  its  formation  ^‘^J^^tment  pf  the  Mirror  may  bo 

<^c.,  upon  any  semi-trnno  i^aages  of  window-bars,  chimneys, 
<^bject.  It  is  onlv  bown  medium  placed  in  the  plane  of  the 

IS  only,  however,  when  small  objects  are  being  viewed 


170 


MANAGEMENT  OF  THE  MICROSCOI’E. 


under  Hgli  magnifying  powers,  that  such  a concentration  of  the 
light  reflected  by  the  Mirror  is  either  necessary  or  desirable ; tor, 
with  large  objects  seen  under  low  powers,  the  field  would  not  lu 


Arrangement  of  Microscope  for  Transparent  Objects, 
this  mode  be  equally  illuminated  The 

a larger  area  may  be  secured,  either  by  siting  the  ^io  _ ^ 
above  or  so  much  below  its  previous  position,  that  ^he  pe^ii  ^ 
faU  upon  the  object  whilst  still  converging  or  aftei  it  J 

diverged  ; or,  on  the  other  hand  by  the  intei-position  f 

Ground-glass  in  the  course  ot  converging  pencilj-t^^^^^ 
which  is  peculiarly  appropriate 

bnri  recourse  to  if  the  diaphragm-plate  have  had  its  larger  aper 

“ IS  To  ^e’cS  s.cK  S tok  (§V  The  eve 

to  the  Eye.piece,  !md  the  body  being/ 

brought  into  the  evaet  position  reqmred  by  the  if®  f 

ing  movement,  if  the  stage  be  provided  with  it,  fl  not,  y 

thl  two  hands,  one  moving  the  object-slide  for- 

other  pushing  the  ledge,  fork  or  holder 

wards  or  backwards  as  may  be  required.— It  is 

bered,  in  making  such  adjitments  hy  the  direct  use  hand^ 

that,  owing  to  the  inverting  action  of  the  Micioscope,  precisely 

be  given  to  the  object,  whether  lateral  or  vertical,  mus  p 

opposed  to  that  which  its  image  thus 

fSS  84  86)  are  employed.  When  the  object  Has  „4^ 
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(layker  on  one  side  than  on  the  other,  the  hlirror  sliould  he  shVhtlv 
tinned  in  such  a direction  as  to  throw  more  light  uiion  that  side^- 

perhaps  in  so  doing,  the  light  may  be  withdrawn  from  de  part 

pievionsly  illurmnated ; and  it  may  thus  be  found  that  the  nenml  in 
not  large  enough  to  hght  np  the  entire  held.  This  may  be  o^ine  to 
one  of  three  causes  : either  the  cone  of  rays  may  be  received  bv^he 
object  too  near  to  its  focal  apex,  the  remedy  for  which  lies  in  m 
alteration  in  the  distance  of  the  Mirror  froi the  stao-e  • 01  from  the 
very  obhqne  position  of  the  Mirror,  the  cone  is  too  much  naXwed 
across  one  of  its  (hameters,  and  the  remedy  must  be  sought  in  a 

^Ccroscope  or  of  the  Lamp  so 

the  aas  of  vision ; or,  agam,  from  the  centre  of  the  Mirror  lieino- 
out  of  the  optic  axis  of  the  instrument,  so  that  the  illuminating  cone 

^0  rectified  without  the 
obTect  ft  come  to  a focus  hi  the 

tbi  hi  f crossed  (in  the  day-time)  by 

the  images  of  window-bars  or  chimneys,  or  (at  night)  the  form  o^ 

^^0  foimier  must  be 

ff  the  ^ ® change  in  the  inclination  of  the  Mirror ; and 

illumination  of  the  entire  field  having-  been 
much  upon  the  nature  K objeil  ai  upon  thTLteX  VS 

^isPiP 

i»  acwtted  throngf  tL'‘raUeft  apeX^t^hl  o“nd‘te 

llfichTsTCd^fC  aT?^^  illuminathn 

whi'eh  +1;:  u-  I Achromatic  Condenser.— In  everv  case  in 

'^‘'naiderable  obetruS  to  the 
UTent.XTmf’*?”?^ “hould  be  taken  to  pro! 

the  effect  of  that  which“!\-eSlrfXXe*M 
mission.  It  is  bv  flavhfrh+ i-w +1  ■ • n n ^iCJ'oscoiie  by  trans- 
occnr ; Hmcl  if  tL  oiSiS  ^ interference  is  most  likely  to 
use  of  lamp-iight  be^ observed  ® ^en  (§  132)  respecting  the 

n|K.nthenX™4ce  of^^^^^^^  %f‘  “»  “J 

fbut  such  an  effect  is  bpino-  i ^ observer  will  be  warned 

n enect  is  being  produced,  by  perceiving  that  there  is  a 


172  MANAGEMENT  OF  THE  MICllOSCOPE. 

wa^t  not  only  of  brigMuess  m“ay It 

being  veiled,  as  it  were,  by  a kind  ot  thm  vapour  ’ ^n 

once  satisfy  bimself  of  the  cause,  by  interp  . g j.  . {-ncrease  of 
L stage  and  the  source  of  light,  rvhen  the 

briUianV,  “4  niora^-tets^rfor  ».  l-r- 

previous  deficiency  in  both.  -Nothing  opaque  screen 

manent  avoidance,  than  the  , 'hp+ween  the  window  and 

(blaehened  on  the  side  towards  «'«  “*X  , SraSeen  doM  in- 
the  object ; care  being  of  ■ Such  a screen  may  be 

terf  ere  with  the  passage  of  light  to  the  i^iri  o • ' itself,  or  by 

easUy  shapedand  adapted  either  o e ]jy  hlicrosco- 

the  stand  for  the  condenser ; but  it  ; and 

pists,  as  it  interferes  with  aeoess  to  the  left 

the  inteiposition  of  the  hand,  so  o g convenient 

sxs.  “ *■= 

SS“t&tSf -.K ->  .ns.  a II-  1. 1.  -y 

degree  thus  marred  by  incident  hg  • ,f  Mirror  alone  is 

144.  Although  the  illumination 

(.piite  adequate  for  a very  (nothing  else  having 

the  Microscope  may  be  profitably  einp  y 1 valuable  contri- 

been  used  by  many  of  those  '''j»  ygt,  when  high 

butions  to  Science  by  means  ^ ^hen  but  a 

magnifying  powers  ^ advantage  is  gamed 

veiw  moderate  amplification  is  bas  been  described 

from  the  use  of  a Condenser.  The  so  well 

nnder  the  name  of  the  Wehster  Condenser  into 

for  most  purposes  and  may  m ^ 1 Microscopist  will 

a ‘ black-ground ’lUuminator,  that  the  w substituting  an 

find  it  convement  to  keep  it  alw^  1 ^ specially 

Achromatic  Condenser  of  tliis^last,  both  as  to 

needed.  Special  care  is  nee  e Microscope  itself, 

the  coincidence  of  its  optic  mis  vnth  that  of  ‘2?  be 

and  as  to  its  focal  distance  of  the 

most  readily  Ag  Sand-^^^  action  or  the 

Condenser  from  the  Stage  (by  the  lac  a shai-p 

sliding  movement  with  winch  it  is  J • +^.ansparent  medium 

circle  of  light  shall  be  thrown  ^ ^ throuo-h  &e  Microscope 
laid  upon  it ; then,  on  this  bemg  viewed  o ^ -svhole  of 

K Objective  of  Buffideutly  low  of  view, 

it,  if  this  circle  be  not  found  pv  means  of  the  milled- 

the  axis  of  the  Condenser  must  be  ^^tered^hj^^  ^ ^ 

head  tangent-screws  with  +tig  ^p  of  the  Condenser, 

minute  central  aperture  may  e objective  of  medium 

and  this  aperture  centred  ^^^the  feld  ot 

power.  Or,  agmn,  a lap  r S (distance  beneath  the  Achro- 
Sllr&Sr  -nd  toe  image  of  this  may  be  brought  into  toe 
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centre  of  the  field  of  a l-4th  objective,  which  is  the  bp<af  nwm-i 
ment  when  it  is  to  be  used  with  very  high  powers  The  focal  ml ' 
of  the  Oondeoser  on  the  othe  JhaSd,Cst  he  S ™detthe‘ 
bjectiye  '^^ch  is  to  be  employed  in  the  examination  of  the  obiect 
b}  turning  the  Mirror  in  such  a manner  as  to  throw  upon  the  visual 
image  of  the  object  (previously  brought  into  the  focus  of  the  Micro 
scope)  an  image  of  a fchimney  or  a window-bar,  if  daylio-ht  be 
employed,  or  of  the  top,  bottom,  or  edge  of  the  lampMame  if 

condenser  should  then  be  so 
adjusted  as  to  render  the  view  of  this  as  distinct  as  possible  • Ind 
the  direction  of  the  Alirror  should  then  be  sufficiently  chanek  to 
splace  the  image,  and  to  substitute  for  it  the  clearest  light  that 

Sch^an  elT+®f  ■ generally  be  found,  however,  that  flthouo-h 

vet +W  f f iocussing  gives  the  most  perfect  results  by  Daylight 
rnnri^  ^ by  Lamp-hght  the  best  illumination  is  obtained  when^the 

object  Sn\h^^^  from  ^he 

ooject,  than  that  at  which  it  gives  a distinct  image  of  the  lamo  Tu 

^0  ascertain  the  efp^'t  of 
the  effects  of  alterations  in 
it  condenser  from  the  object  should  be  tried-  as 

great  transparence  the  White-Cloud  illrnnination  (S  loa)  mav  he 
had  recoutse  to  with  advantage.  ^ 

Transparent  Objects,  however,  whose  iiecu 
bar  features  can  only  be  distinctly  made  out!  when  the7are  vJpS 

tis^^s  esperiXthe  of  ixially;  and 

W ^ ®^oh  as  have  their  surfaces  mnrVprl 

oh^qntra^Weren  riWioa  of 

ocing  then  a matter  of  pnmarv  imnort.nnpp  TPno 
syse  that  an  object  be  marked  by  longitniS  stotoo  ddi’ 

which  hfve  ot  side  incXerLu^  T"  ^ Prominences 

.Meloo^'/toTO  c 

Side  that  it  will  be  best  displayed.  But  it  is  not 
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at  all  imfrcqucnt  for  the  longitudinal  stri®  to  be  croBsed  by  otbci  s; 
and  these  transverse  strite  vail  usually  he  best  seen  by  the  light 
that  is  least  favourable  for  the  longitudinal  so  that,  in  order  to 
brino-  them  into  distinct  view,  either  the  illuminating  pencil  or  the 
obiect  must  be  moved  a quarter  round.  The  simpfest  mode  oi 
obtaining  this  end,  is  to  make  the  Mirror  capable  of  bemg  turned 
into  such  a position  as  to  reflect  light  into  the 
side  and  at  a very  oblique  angle  (which  is  best  done  by  the  Zient- 
maver  arrangement);  and  to  give  the  Stage  a rotatory  move- 
ment, so  that  the  object  may  be  presented  to  that  hght  under  every 

“'"'m  For  objects  of  greater  (Hffic^ty  W8V 

recourse  to  the  Accessories  already  described  (§§ 

no  are  specially  provided  to  tumisii 

oblique  iUumination  in  the  most 
efllectual  manner.  A good  example 
of  the  variety  of  appearances  which 
the  same  object  may  exhibit,  when 
illuminated  from  diff’erent  azi- 
muths, and  with  slight  changes  oi 
focussing,  is  shown  in  _ Fig.  llo. 
which  represents  portions  of  a 
valve  of  Pleurosigvm  formosum  as 
seen  under  a power  of  1300  diame- 
ters ; the  markings  shown  at  A,  J5. 
and  c being  brought-out  by  ohhqiic 
liaht  in  different  directions,  which, 
however,  when  carefully  used,  does 
not  produce  these  erroneous  as- 
pects ; whilst  at  D is_  shown  the 
effect  of  cuvial  illumination  with  the 
Achromatic  Condenser.— It  cannot 
be  too  strongly  impressed  on  the 
voung  Microscopist,  however,  that 
the  special  value  of  very  ohhgn^- 
iUumination  is  limited  to  the  reso- 
lution of  ‘ test-objects  and  that 
for  the  ordinary  purposes  oUcienii- 
fic  study  and  research,  o.rirtZifluDii- 
nation  is  generally  preferably  As 
in  regard  to  the  quahties  of  Objec- 
tives (§  55),  so  in  respect  to  Illumi- 
nation, may  it  be  confidently  as 
serted  that  the  solution  of  the  most 
difiicult  Biological  problems  to 
which  the  Microscope  has  been  yei 
applied,  has  been  attaiued  by  ai 
Valvo  of  Pleuros!r/ma  formosum,  ^.j^^^ejnents  by  no  means  the  most 

■with  portions  A,  B,  c,_  i),  shoivmg  ^ to  the  disceniincut  oi  tlie 

diverse  effects  of  Ilhimmation* 
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to  We  much  value  iu  Biological  invistlgal“oV(flS8)' 
trast  with  the  dark  oround  hpkin^  +Tv  ^ ^ present,  in  con- 

ordinary  adyanteonbnttl^^^^^^^^  show  then;  forms  to  extra- 
an  appearance  of'soiiditv  whieh  +fip  imparts  to  them 

transmitted  lig-ht  fS  103P  and  if  1 ^ ^ ^°xi  ^7  ordinary 

markings  wldch  a | not  X «^irf^ce- 

any  objict  is  nndm'eS^i?^  Jistinpshable.  Hence,  when 

subject  for  this  method,  the  trial  of  It^sho  to  be  a good 

For  low  powers  the  Tse  of  Si  Q omitted, 

denser  with  the  central  ston  Jin  Spot-lens  or  the  Webster  Con- 
for  the  higher,  the  Paraboloid  m-  f1  sufficiently  satisfactory ; 
omployed  -S  ini  J Sr  1 ^ Illuminator  should  be 

examination  of  o^’ects  by  PozS  plS  ^-e^Pecting  the 

stnkincr  effects  of  fbia  i-ivifi  vvf  m • iS  Ho),  borne  of  the  most 
^ whose  JaiSs^  a crystlfc^^^^^  P^^ieS 

• often  be  employed  with  Seat  advanf^^^f^S^-’ 
view,  when  they  wotocl  SSS Wwf  f S bodies  into 

i;  example,  the  rcmhides  of  Plants  avp  tostinpished : thus,  for 

! its  means,  in  the  midst  of  the  fiq«no  fu^^  clearly  made  out  by 
|i But  the  peculiar  effects  of  Polmd  1’  Pj  ^^7  other. 

kifreat  niiJber  of  other  OrnaJSd  exerted-npon  a 

0 vegetable;  audit  often  reveals  diffeSjJ^^®^Vi?°^^  animal  and 
“m  the  relative  density  of  fbpiv  x arrangement  or 

jr  Of_  which  would  not  otherwise  particles,  the  existence 

^ Alicroscopist  will  do  well  to  have  ^ ^een  suspected  ; hence  the 
! have  the  least  snspS  whenever  he  may 

“ :>ower  of  discriminSm  him  an  addditional 

nf  the  mkriS’esW  oCS  Olyec/s.-There  ave  mauy  objecto 

orbids  the  transmission  Of  hP^h&^^  whichtontirely 

ore,  the  surfaces  oSy  can  KewT#^  ^hch,  there- 

'"Wch  they  reflect.  These  are  for  \b  incident  rays 

>aratiyely  large  dimSons  for  Jv 

affices  ; and  it  is  specially  importon  Jto  magnifying  power 

tojects,nottouse  a lens  of  sbm? Jf^J’  xt  ^ ® examination  of  such 
>r  discerning  the  details  of  fbp  r®°h^Iely  necessary 

^CUS  of  the  Objectiyfempl  Jed  fb^^^^  the 

uced  by  inequalities  of  ^b  J ’ r ° ludistinctness  pro- 

■«  aperture,  sJJ  to  larger,  too,  ma}  be 

aprovement  of  the  brinhtnes?'!J^fr^^^^^^^  of  hght,  to  the  great 

>cus  are  especially  reciuired  in  M'  ^magc  Objectives  of  long 
1 a y lequiied  in  Microscopes  that  are  to  be  used  fm- 
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Educational  purposes  and  an  endless  variety  of  ‘ common  objects' 
suitable  to  these  may  be  found  by  such  as  will  take  the  trouble  to 
search  for  them. — The  mode  of  bringing  Opaque  objects  under  view 
will  diflPer  according  to  their  ‘ mounting,’  and  to  the  manner  in 
which  it  is  desired  to  illuminate  them.  If  the  object  be  mounted  in 
a ‘ slide’  of  glass  or  wood,  upon  a large  Opaque  surface,  the  slide 
must  be  laid  on  the  stage  in  the  usual  manner,  and  the  object 
brought  as  nearly  as  possible  into  position  by  the  eye  alone  (§  141). 
If  it  be  not  so  mounted,  it  may  be  simply  laid  upon  the  glass 
Stage-plate,  resting  against  its  ledge ; and  the  Diaphragm-plate 
must  then  be  so  turned  as  to  afford  it  a black  background,  light 
being  thrown  upon  it  by  a Condensing  Lens  or  Bull’s-eye  placed  as 
in  Fig.  114,  or,  (still  better)  by  Beck’s  Parabolic  Speculum,  which 
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gives  a far  better  illumination  by  diffused  daylight  tliau  can  Ije 
obtained  by  any  other  means  yet  devised,  and  which  is  equally  well 
adapted  to  lamjD-hght,  when  used  in  combination  with  tlie  Bull’s- 
eye  (§  114).  Direct  sunlight  cannot  be  employed  \rfthout  the  pro- 
duction of  an  injurious  glare,  and  the  risk  of  burning  the  object; 
but  the  sunlight  reflected  from  a bright  cloud  is  the  best  light  pos- 
sible. When  a Condensing  Lens  is  used,  it  should  always  be 
placed  at  right  angles  to  the  direction  of  the  illuminating  rays,  and 
at  a distance  from  the  object  which  wiU  be  determined  by  the  size 
of  the  surface  to  be  illuminated  and  by  the  kind  of  light  required. 

* The  makers  of  Educational  Microscopes  supply  at  a sm.all  cost,  single 
(tripleO  combinations  of  3 inches,  2 inches,  or  1^  inch  focus,  or  dividing  com- 
binations of  half-inch  and  1 inch,  1 inch  .and  2 inches,  or  1^  inch  and  3 inches, 
which  are  quite  adequate  for  ordinary  requirements. 
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If  tlie  magnifying  power  employed  be  Iiigh,  and  the  field  of  view 
be  consequently  limited,  it  will  be  desirable  so  to  adjust  the  lens 
as  to  bring  the  cone  of  rays  to  a point  upon  the  part  of  the  object 
■under  examination  ; and  this  a<^ustment  can  only  be  rightly  made 
whilst  the  object  is  kept  in  view  under  the  Microscope,  the  Con- 
•denser  bemg  moved  in  various  modes  until  that  position  has  been 
found  for  It  m which  it  gives  the  best  light.  If,  on  the  other 
hand,  the  power  be  low,  and  it  be  desired  to  spread  the  light  equably 
■over  a large  field,  the  Condenser  should  be  placed  either  within  or 
beyond  its  focal  distance;  and  here,  too,  the  best  position  will  be 
.^certoed  by  trial.  It  will  often  be  desirable  also  to  vary  both 
the  obhqmty  of  the  hght  and  the  direction  in  which  it  falls  upon 
the  obiect ; the  aspect  of  which  is  greatly  affected  by  the  manner 
m which  the  shadows  are  projected  upon  its  surface,  and  in  whicli 
the  fights  are  reflected  from  the  various  points  of  it.  Many  objects 
indeed  winch  are  distinguished  by  their  striking  appearance  when 
the  fight  falls  upon  them  on  one  side,  are  entirely  destitute  both  of 
bnlfiancy  of  colour  and  of  sharpness  of  outline  when  illuminated 
from  the  opposite  side.  Hence  it  is  always  desirable  to  try  the 
effect  of  changing  the,  position  of  the  object;  which,  if  it  be 
momted,  may  be  first  shifted  by  merely  reversing  the  place  of 
t the  two  ends  of  tbe  slido  on/l  j-v,-  i..  _ ^ . 


- the  two  ends  'of  the  slide,  and  then,  if  this'  be  not  satisfactory, 
may  be  more  completely  as  well  as  more  gradually  altered  by 
iimakmig  the  object-platform  itself  to  rotate.  With  regard  to  the 
-mbhqmty  of  the  lUummating  rays,  it  is  weU  to  remark,  that  if  the 
.'Object  be  mounted  under  a glass  cover,  and  the  incident  rays  fall 

with  the  perpendicular,  a large  proportion  of: 
s hem  wiU  be  reflected,  and  the  brilliancy  of  the  object  \^1  be  greatly 
|::mpaired;  and  hence  when  Opaque  objects  art  being  exSd 

1 general  ai-rangement  must  be  made  when  Arti- 

^'^gard  to  the  Stage  that  itsrayl 

olfectd  rays  be4 

fiShe  rsl  Condenser,  as  already  Lected. 

IrpS!  A ^ ^ ^^“P  a,  short  distance  are 

SLedTpS^^’  ® Condenser  to 

ach  speedy  convergence  as  are  the  parallel  rays  of  davficrht  • and 

'leTamVetcf  ^II"^  objecTS  prXct 

le  laZ  and  L distance  of  the  Condenser  from 

rougKarlv  object  respectively,  the  cone  of  rays  may  be 

larf p Hnvf  ^ ^ ^ focus,  or  it  may  be  spread  almost  equably  over 

arabSh.  the  position  of  the  Condenser,  when  the 

Sve  i&?n  r combination  ivith  it!  N^more 

wpowersWhtTtrV®^  objects  viewed  under  the 

hic^Sordr^^WV®  Parabolic  Speculum  is  adapted,  than  that 
icn  18  afforded  by  this  combination  ; the  BockettLamp  (Fig.  108) 
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simplyincr  a most' convenient  means  of  using  it,  as  the  Author  can 
tesVif y from  a very  large  experience.  In  the  lUummation  of  {^Pacf^ ' 
objects,  Artificial  light  has  the  advantage  oyer 

being  more  easily  concentrated  to  the  precise  de^ee,  and  of  being 

SrSdny  mad^  to  fall  in  the  precise  direction,  f at 

most  advantageous.  Moreover,  the  «°^^fast  of  ight 

wiU  be  more  strongly  marked  when  no  light  falls  upon  the  oj  ect 

except  that  proceeding  from  the  Lamp  used 

than  it  can  be  when  the  shadows  are  partially  hghtened  by  the 
rays  wliich  fall  upon  the  object  from  every  quarter,  as  must  be  the 
cZl  5 S be  viewed  by  daylight.-If  a more  concentrated  hght  be 
required  the  flame  of  the  lamp  may  be  turned  edgewise  to  the 

obmct  and  the  smallCondensing-lens  maybe  used  in  combination 

with  tire  BuU’s-eye ; being  so  placed  as  to  receive  the  cone  projected 
^ it  and  to  brii--  its  rays  to  a more  exact  convergence  It  was 
m this  way  that  fir.  Beck  obtained  the  views  of  the  Podura-scale 
■ Q1-.  Pinto  TT  Fics  4 5 111  this  manner  very  minute  bodie.s 

S brviS  a.  bXe  object,  under  high  maiytag  powers, 
provided  that  the  brasswork  of  the  extremities  of  the  Objectives  be 
«o  bevelled-off  as  to  allow  the  illuminating  cone  to  have  access  to  the 
obiect  As  none  but  a very  oblique  illumination,  however,  can  be 
this  obtained,  the  view  of  the  object  will  be  by  no  means  complete, 
unless  it  be  supplemented  by  that  which  may  be  obtained  by  means 
the  Vertical  Illuminator  (§  116),  which  supplies  for  high  powers  the 
kind  of  illumination  that  is  given  by  the  LiebeAuhn  mr  the_  lower. 
150.  There  are  many  Opaque  objects,  such 

if  i«  flpnirable  to  view  from  all  sides,  in  order  tnat  tneir 

features  may  be  completely  made  out.  This  may  be  readily  done 
S obje^te  mounted  in  glides,  when  the  Microscope  ^ prodded 
with  the  Zentmayer  stage,  by  inclining  the  stage  to  ^ 

other  (first  taking  care  that  the  object  is  weU  soured  ^ 

then  tnving  rotation  to  the  object-platform.  For  I 

cai  b^  conveniently  attached  to  small  disks,  Beck’s  Disk-holderl 
(Fig  94)  affords  by  far  the  most  convenient  and  efiective  “ode  fj 
Presenting  them  in  every  variety  of  aspect ; but  the  disks  may  J 
beheld  by  attached  pins,  either  in  ^^e  Stage-forceps,  o y I 
teseiSn  of  the  pins  into  the  cork-box  at  its  other  end  (§.H8)- 1 
variety  of  movements  being  given  in  either  case  by  turmng  q 
forcepi  in  its  tube.  So,  again,  many  small  objects,  such  as  Partj 

When'elOf  thP 
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to ///.the  field  given  by  the  particular  Objective  employed,  but 

^ ol>jects  that  are  pLmanently 

moimted  either  upon  cardboard  disks,  or  in  the  slides  specially 
provided  for  them,  may  be  presented  to  the  Microscope  in  a con- 
sMerable  vanety  of  directions  by  means  of  Morris’s  Object-holder 

®^^  employed  with  side-illumi- 

nation.  it  it  be  desired  to  make  the  most  advantageous  use  of 
tins  apphance,  objects  mounted  in  shdes  should  be  so  placed  that 
the  parts  to  be  brought  into  view  by  its  tdting  movement  may  look 
towards  the  long  edges  of  the  slide ; since  it  is  obvious  that  a much 
^u-eater  inclination  may  be  given  to  it  in  either  of  these  directions 
than  in  the  direction  of  either  of  its  extremities. 

151.  0/  Inierpretation.~The  correctness  of  the  conclusions 

nbh>?.f  ^^croscopist  will  draw  regarding  the  nature  of  any 
object,  from  the  visual  appearances  which  it  presents  to  him  ifrhen 
examined  in  the  various  modes  now  specified,  will  necessarily 
^ degree  upon  his  previous  experience  in  Microscopic 
knowledge  of  the  class  of  bodies  to  which 

f observations,  of 

I iny  kind  liable  to  certain  fallacies,  ansing  out  of  the  previous 

. Aifaon  of  the  objects  or  the  nature  of  the  actions  to  which  his 
lattention  IS  directed,  but  even  the  most  practised  observer  is  ant 
o take  no  note  of  such  phenomena  as  his  mind  is  not  prepared  to 
""""r  iniperfections  of  this  kind  cln  only  be 
orrected,  it  IS  ob’nous,  by  general  advance  in  scientific  knowledge  • 
.ut  the  history  of  them  aflFords  a useful  warning  agSnst  S 
onclusions  drawn  from  a too  cursory  examinatiom  If  the  history 
f almost  any  scientific  investigation  were  fully  made  known  it 
rould  generally  appear  that  the  stabihty  and  completeness  of  thp 

or  even  entire  alterations,  of  doctrine.  And  it  is^ 
le  coi^P^^f  importance  as  to  be  almost  essential  to 

announced  until  they  have  been  tested  in  every  con^ 
■ith  ai  f?°‘l^i  18  due  to  Science  that  it  should  be  burdened 

-her  trf  tP  ^^^1®  doctrines  as  possible.  It  is  due  to 

kste  no*  misled,  to  the  great 

irielvel  tW  -^nd  it  is  due  to 

impaiiSent  bv\?  our  reputation  to  the  chance 

nclnsfC  which  formation  and  pubHcation  of 

■tfpri'nf  1 ^®  nt  once  reversed  by  other  observers 

tmetK  “■  *0  feS 

retul  research^  extended  and 

>»>»  I-OOOT  far  douht  k n f “/  lolcnever  there 

'0  We Ya  Ld  tbV  bflST  byallthoeoPhiloaophen. 

one  whicKp  M-P  i'®Pnte  for  practical  wisdom  ; and  it 

®oon  learn,  or . too  con. 
y practise.-Besides  these  general  waimings,  liowcver,  certain 

N 2 
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special  cautions  should  he  given  to  the  young  Microscopist,  with 
regard  to  errors  into  which  he  is  liable  to  be  led,  even  when  the 
very  best  instininients  are  employed. 

152.  Errors  of  interpretation  arising  from  the  imperfection  oi 
the  focal  adfistment  arc  not  at  all  uncommon  amongst  young 
Microscopists.  With  lenses  of  high  power,  and  especially  witli 
those  of  large  angular  aperture,  it  very  seldom  happens  that  all 
the  parts  of  an  object,  however  minute  and  flat  it  may  be,  can  be  j 
in  focus  together  ; and  hence,  when  the  focal  adjustment  is  exactly  \ 
made  for  one  part,  everything  that  is  not  in  exact  focus  is  not  only  ! 
more  or  less  indistinct,  but  is  often  wrongly  represented.  The  t 
indistinctness  of  outline  will  sometimes  present  the  appearance  of  i 
a pellucid  border,  which,  hke  the  diflraction-band,  may  be  mis^en 
for  actual  substance.  But  the  most  common  error  is  that  which  is 
produced  by  the  reversal  of  the  lights  and  shadows  resulting  from 
the  refractive  powers  of  the  object  itself ; thus,  the  bi-concavity  of 
the  blood-disks  of  Human  (and  other  Mammahan)  Blood  occasions  j 
their  centres  to  appear  darh  when  in  the  focus  of  the  Microscope,  j 
through  the  divergence  of  the  rays  which  it  occasions  ; but  when  | 
they  are  brought  a little  within  the  focus  by  a shght  approximation  | 
of  the  object-glass,  the  centres  appear  brighter  than  the  peripheral  | 
parts  of  the  disks.  An  opposite  reversal  presents  itself  in  the  mark-  || 
ings  of  certain  JOrnteius,  which,  like  Fleur osigTna  angulatum,  present,  U 
when  exactly  focussed,  the  aspect  of  rows  of  hemispherical  beads  H 
(Fig.  166,  a).  When  the  surface  is  viewed  a Httle  inside  the  focus,  its  i 
aspect  is  that  shown  at  a,  Fig.  115 ; whilst,  when  the  surface  is  slighBj  | 

beyond  the  focus  (b),  the  ■] 
hexagonal  areolae  are  i 
dark,  and  the  intervening  I 
partitions  light.  — Tjiel 
experienced  Microscopist  I 
will  find  in  the  optical  I 
effects  produced  by  varia-li 
tions  of  focal  adjustmeiitSl 
the  most  certain  indica-M 
tions  in  regard  to  the  na-S  h 
ture  of  such  inequalitiesi  | 
of  surface  as  are  too  mi4  | 
nute  to  be  made  apparenii  I 
by  the  use  of  the  t3terwj|  v 
scopic  Binocular.  For  superficial  elevations  must  necessaiil^i  } 
appear  brightest  when  the  distance  between' the  Objective  and  th<|  |i 
object  is  increased,  wliilst  depressions  must  appear  brightest  whoi 
that  distance  is  diminished.  — The  Student  should  be  wa.nie«  i M; 
against  supposing  that,  in  all  cases,  the  most  positive  and  | ' 

appearance  is  the  truest;  for  this  is  often  not  the  case.  Mi  |- 
Slack’s  optical  ilhision,  or  silica-crack  slide,*  illustrates  an  errol  i | 
of  tliis  description.  A drop  of  water  holding  colloid  silica  ijf  | 

♦ “ Monthly  Microscopical  Journal,”  Vol.  v.  (1872).  p.  M.  , 


P,  Fig.  n.').  A 


False  hexagonal  .aveolation  of  Plcwrosigma 
fuiffulatuni,  as  seen  in  a Photograph  magni- 
iied  to  15,000  diameters. 
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solution  is  allowed  to  evaporate  on  a glass  slide,  and,  when  quite 
dvj.  IS  covered  with  tlun  glass  to  keep  it  clean.  The  shica  de^d 
h ''  curiously  cracked ; and  the  finest  of  these  cracks  can 

be  made  to  present  a very  positive  and  deceptive  appearancro^' 
being  rpsed  bodies  like  glass  threads.  It  is  also  ea?y  to  obL^ 

kat  w^  appeamnee  of  duplicity  to 

•nS-  ^ important  and  very  frequent  source  of  error,  which 

onpperienced  Microscopists,  lies  in  the 
certain  peculiarities  in  the  internal 
objects  upon  the  rays  of  light  transmitted  through 
them;  this  influence  being  of  a nature  to|ive  rise  to  appearances 
m the  image,  which  suggest  to  the  observer  an  idea  of  their  cauL 
that  may  be  altogether  different  from  the  reahty.  Of  this  fallacy 
o7  thpT  ^ instance’  in  the  misinterpretation  of  the  nature 

of  Bone,  which  were  long  suvvTed 
iitead  rachating  filaments  of  pecuhar  opLty 

rV  ^ ^ universally  admitted,  minute  chambers 

•^  For  iWa?thpT"^°^  solid  osseous  substaLe. 

■ J^or,  just  as  the  convexity  of  its  surface  will  cause  a transparent 

cy^der  to  show  a bright  axial  band,*  so  will  the  concavitv  of  the 
mterna  surfaces  of  the  cavities  or  tubes  hoUow7d-ourrtt  m£ 

I'assmff^throiftSi^^  substances,  occasion  a divergence  of  the  rays 
through  them,  and  consequently  render  them  so  dark 
hat  they  are  easily  mistaken  for  opaque  solids.  That  such  is  the 

B tonce  . for  ttraff  ‘he 

f -f  the  ^oSt'  tffrs  fir^st  ces  of  these  than  by  that 

trancre-lS^  Wnek  ^ number  of 

•e  in  regard  to  their  meaning.  inquiry  will 

stev  Microscopist  could  now  be  led 

o^otij^e  them  asTrrnw''T%b'  ^ecessLy 

ispectof  globS^S^OiTin^  the  comparison  of  the 

^ oil,  or  of  bubWefo? Aii  in  globules  of  Water 

arison  marbe  very  retilv  TaS  7 

ater  to  which  a httln  o-  ^ Pj  shaking  up  some  oil  with 

^ wmcp  a httle  gum  has  been  added,  so  as  to  form  an 

?g  prevailefl  amongst  n'icro^odc  ep-onoous  notion  that 

-b  of  the  ftruSn  rS  /SlTS,r'' 
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emxilsion ; or  by  simply  placing  a drop  of  oil  of  turpentine  (coloured 
by  magenta  or  carmine)  and  a drop  of  water  together  on  a shp  ol 
glass,  laying  a tHn-glass  cover  upon  them,  and  then  moyng  the 
cover  several  times  backwards 

when  such  a mixture  is  examined  with  a sufficiently  high  magnifying 
power,  all  the  globules  present  nearly  the  same  appearance,  namely . 
dark  margins  with  bright  centres  ; but  when  the  test  of  alteration 
of  the  focus  is  applied  to  them,  the  difference  is  at  once  reveled  , 
for  wliilst  the  globules  of  Oil  surrounded  by  water  become 
as  the  object-glass  is  depressed,  and  ligUer  as  itis  lutsed,  those  of 
Water  surrounded  by  oil  become  more  lummous  as  the 
is  depressed,  and  darker  as  it  is  raised.  The  reason  of  this  lies 
the  fLt  that  the  high  refracting  power  of  the 
its  globules  to  act  like  a double-couuea)  lens  of  very  short  focus , and 
as  riiis  wiU  bring  the  rays  which  pass  through  it  into  convergent 
above  the  globule  {i.e.,  between  the  globule  and 
brightest  image  is  given  when  the  object-glass  is  removed  s ^ 
what  farther  from  it  than  the  exact  focal  distance  of  the  object. 
" She.  hand,  the  globule  of  Water  in  oil- or  he  ^ 
bubble  of  air  in  water  or  balsam,  acts,  in  virtue  of  its  inf  enor  refrac 
tive  power,  hke  a douhle-concave  lens ; and  as  the  rays  of  ttos  diverge 
Som  avirtualfocns  idem  the  globule  (i.e 

the  mirror),  the  spot  of  greatestluminosity  will  be  found  by  causin 

the  object-glass  to  approach  within  the  studv''Ttlie 

mastery  of  these  appearances  is  vey  important  in 
‘ protoplasm’  of  Plants-the  ‘ sarcode  of  Animals,— which  uicludes 
oS-paihicles,  together  with  spaces  occupied  by  a 
wHch  (having  been  at  one  time  supposed  to  be  void)  are  known  a. 

‘Tsr  Among  the  sources  of  fallacy  by  wHch  the  young 
scopist  is  liable  to  be  misled,%ne  of  the  most 
,nent  exhibited  by  very  minute  particles 

•irp  Rufficientlv  finely  divided,  when  suspended  in  water  or  otnei 

riuids.  This  movement  was  first  observed  in  the  fine 

tides  which  exist  in  great  abundance  in  f 

grains  of  plants  (sometimes  termed  tl}e/o«ri.Za),  and  wffich  ar^ 

free  bv  crashing  them;  and  it  was  imagmed  that  they  indi^l^i 

Ihe  possession  of  some  special  vital  endovnnent 

•malogous  to  that  of  the  Spermatozoa  of  animals.  In  the  year 

Cever!it  was  announced  by  Dr.  Eobert  Brown  that  numermi. 

other  substances.  Organic  and  Inorganic,  cannot 

of  eauaUv  minute  division,  exhibit  a hke  movement,  so  that  it  can 

beTarfei  as  indicative  of  any  ^ 

“ranules  ; and  subsequent  researches  have  shown  that  the^c 

£1™  exception  to  the  rule  that  such  motion  takes  place  m the 

particles  of  all  substances,  though  some  The”dose?  the 

divided  than  others  before  they  will 

conformity  between  the  specific  gra^ty  in 

S of  tL  liquid,  the  less  minute  need  be  that  reduction 
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necessary  condition  of  their  movement-  and 

!:sk  s“!.-£3  ? 1“  jass  i: 

rapid  that  it  is  impoSirto  “*<l'‘i'-enttg  movement,  so 

fer  ““  ^“.olLSeTS 

for  it  continues  witW  +lf  1 evaporation  of  the  liquid  : 

reason,  it  can  scarcelv  Lp  nr,-n  + case.  And,  for  the  same 
the  observations  of  Prof  JevoS^ff^  chemical  change.  But 
effected  by  the  admixturp  J evons  (loc.  cit ) show  that  it  is  greatly 
for  example  ^creS  W f with  water;  being, 

checked  by  an  of  gum,  while  it  is 

s^arious  saline  comnouni  thp^^?  admixture  of  sulphuric  acid  or  of 
IS  increase  the  condu^tirfal^nw!  (as  Prof.  J points  out)  being  all  such 
it  subsidence  of  finelv-dmdpd  water  for  Electricity.  The  rate 
■vater,  thus  greatlv  denendq  other  particles  suspended  in 

novement;’  for  when  this  is  brnn^>v+^+  Brownian 

(ate  and  sink  so  that  thp  li  ' i ? ^ ffi®  particles  aggre- 

he  niotions  of  very  mS^^^  itself. -In  any  case  in  which 

ion,  it  is  necessarv  tn  moV  P^^^^oles,  of  whatever  kind,  are  in  ques- 

«-t;  and  t “Toun?  * molecular’ move- 

amiliarize  himself  witfi  3®P®9°P'st  '’iH  therefore  do  well  to 
bserv'ation  of  it  in  surh  p-i  ^ oarv  characters,  by  the  careful 
there  in  whichte rthit  f 


t Sm  ai«oS'r’(v''°T"?)*'l  N-S..  Vol.  viil.  (18781  p.  172. 

■oivnien  Motions”  In 
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156.  Diffraction— The  course  of  Light-rays  is  altered  not  only  by 
refraction  when  they  pass  from  one  transparent  medium  into 
another,  and  by  reflexion  when  they  fall  on  polished  surfaces 
which  they  do  not  enter,  but  also  by  i/nflexion  at  the  edges  of 
objects  by  which  they  pass  ; and  as  the  differently  coloured  rays 
which  altogether  make  up  white  light  are  affected  by  such  inflexion 
in  different  degrees,  they  are  separated  by  it  (as  by  refractive  (hs- 
persion’)  into  coloured  bpds ; the  phenomenon  being  altogether 
known  as  diffraction.  This  may  be  made  evident  by  causing  a 
beam  of  sunlight  to  enter  a darkened  room  through  a very  narrow 
slit,  and  to  fall  on  a white  screen ; for  the  narrow  line  of  white  Hght 
will  show  a border  of  coloured  fringes,  which  become  wider  as  the 
slit  is  narrowed ; and  if  these  fringes  be  viewed  through  a piece  of 
coloured  glass,  which  allows  only  rays  of  its  own  colour  to  pass, 
they  will  appear  as  a succession  of  bands  alternately  bright^  and 
dark.  This  alternation  is  produced  by  the  interference  of  the  Light- 
waves ; just  as  the  alternations  of  sound  and  cornparative  sflence 
termed  ‘beats,’  which  are  heard  when  two  slightly  differenttones  are 
beincr  sounded  together,  are  due  to  the  interference  of  the_  Sound- 
waves.* The  coloured  fringes  are  produced  by  the  superposition  of  all 
these  bands. — When,  again,  a small  opaque  plate  of  any  substance 
is  interposed  in  the  course  of  the  pencil  of  solar  light  admitted  into 
a darkened  room  through  a very  small  hole  in  a card,  or  divergmg 
from  the  point  at  which  it  has  been  collected  by  a convex  lens  ot 
short  focus,  the  shadow  thrown  by  it  on  the  screen  will  be  sur- 
rounded by  a series  of  coloured  fringes,  and  the  shadow  itself  wiU 
be  larger  than  the  geometrical  shadow. — But,  further,  if  a piece  ot 
o-lass  be  ruled  by  a diamond  with  parallel  lines,  some  hundreds  or 
thousands  to  an  inch,  so  as  to  form  what  is  called  a ‘ grating,  and 

the  narrow  beam  proceeding  from  the  slit  be  looked-at  through  tos 

crratincy  (so  held  that  the  direction  of  its  lines  is  parallel  to  that 
of  the  "slit),  a number  of  spectra  come  into  view,  rpged  at  nearly 
equal  distances  on  both  sides  of  the  sht.f  Now  it  is  m^ifest  that 
when  a beam  of  light  is  made  to  pass  through  an  object  that  i> 
beino-  examined  Microscopically,  the  light  and  shade m the  picture 
seen”by  the  eye  must  be  occasioned  by  the  greater  or  less  trans- 
parence of  the  different  parts  of  that  object;  and  that,  wherever 
there  are  definite  lines  or  margins  sufficiently  opaque  to  throw  a 
definite  shadow,  such  shadow  must  be  bordered  more  or  less  ol/n- 
ously  by  ‘interference’  or  ‘diffraction’  spectra,  especially  in  hej 
p.  1-  and  Dr.  W.  M.  Ord  “On  some  Causes  of  JRroivnian  Movements”  ml 

‘‘  Jo’um.  of  Eoy.  Microsc.  Soc.,”  Vol.  ii.  (I87i)),  p.  6of..  _ n„hblc 

• The  colours  of  thin  plates,— as  seen  when  the  sun  shines  on  a soap-  i bbl 
or  on  a film  of  oil  spread  out  over  a surface  of  water-or  when 
window  through  two  glasses  separated  by  an  attenuated  * 

familiar  examples  of  ‘ iuterfereuce-friuges,  which,  when  dusplajed  aunu  . . 

^ “ Spcrtroscopic  obson-«lioD:  »ti« 

of  determiuiug  tbo  ,v.,ve-le»gtbs  ot  ll.o  n.vs  of  lb- 
scvoml  pfl.rts  of  tlio  spcctiuiu. 
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case  of  objects  having  strongly-marked  lines  with  very  transparent 
intermediate  spaces.  There  are  many  objects  of  great  delicacy,  in 
which  ‘ diffraction-bands’  are  Liable  to  be  mistaken  for  indications 
of  actual  substance  ; whilst,  on  the  other  hand,  the  presence  of  an 
actual  substance  of  extreme  transparence  naay  sometimes  be  doubted 
or  denied,  through  its  image  being  attributed  to  diffraction.  ISTo 
rules  can  be  given  for  the  avoidance  of  such  errors  ; since  they  can 
only  be  escaped  by  the  discriminating  power  which  education  and 
habit  confer  on  the  experienced  Mcroscopist. — A good  example  of 
this  kind  is  afforded  by  the  minute  beading  presented  in  the  scales 
of  the  Grnat  and  Mosquito  (Fig.  116).  These  scales  are  composed 
of  a very  dehcate  double  membrane,  strengthened  by  longitudinal 
• ribs  on  either  side,  those  of  the  opj)osite  sides  uniting  at  the  broad 
end  of  the  scale,  where  they  generally  project  as  bristle-like  appen- 
dages beyond  the  intermediate  membrane ; and  they  are  crossed 
■ transversely  by  fine  markings,  which  are  probably  ridge-like  corru- 
. gations  of  their  membrane,  these  also  existing  on  both  surfaces  of 
i:  the  scale.  The  attention  of  Dr.  Woodward  having  been  drawn  by 
I Dr.  Anthony  to  the  presence  in  these  scales  of  three  uniform  parallel 
'•■roios  of  heads  in  every-  interspace  hehveen  tivo  adjoining  ribs, 
was  at  first  inclined  to  believe  that  the  markings  are  real,  repre- 
senting an  actual  stmcture  in  the  scale  ; but  having  obtained  an 
excellent  Photograph  of  it  by  monochromatic  sun-light,  under  a 

Fig.  116. 


Scale  of  Gnat  showicg  beaded  markings;  photograiilied  by  Dr.  Woodward. 

diameters,  he  was  led  to  alter  his  opinion,  and  to 
v -t  3.S  produced  by  the  crossing  of  the  transverse  markings 
nrl  « dijfr action-lines,  conditioned  by  the  longitudinal  ribs 

I Sl^/b  Hig  chief  reasons  for  so  regarding  them 

alike  In  longitudinal  diffraction-lines  are  clearly  seen 

e Microscopic  image  and  in  the  Photograjihs,  to  extend 

* “Monthly  Microsc.  Journ,,”  Vol.  xr.  (1876),  p.  2o3. 
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“ into  empty  space  beyond  the  contour  of  the  scales,  almost  as  far  as 
“ the  ends  of  the  bristles  in  which  the  parallel  ribs  terminate ; ’ and 
(2),  “ that  they  vary  in  number  with  varying  obliquity  of  illumi- 
“ nation,  so  that  in  the  same  scale  two,  three,  four,  and  five  rows  of 
“ beads  can  be  seen,  and  photographed  at  pleasure,  in  every  inter- 
“ costal  space.”  The  true  aimearance.  Dr.  Woodward  considers,  is 
given  when  the  Achromatic  Condenser  is  so  adjusted  that  its  light 
is  either  central  or  slightly  oblique  in  the  longitudinal  direction  of 

th©  sOclI.0  ^ 

157.  The  recent  researches  of  Prof.  Abbe  of  J ena  appear  to  have 
conclusively  proved  that  Diffraction  has  a mo.st  important  sha^, 
previously  altogether  unsuspected,  in  the  formation  of  the 
Microscopic  images  of  very  closely  approximated  lines  or  other 
markings,  in  objects  viewed  under  high  magnifying  powers  of  large 
Angular  aperture. — All  that  has  been  hitherto  said  of  the  formation 
of  Microscopic  images,  relates  to  such  as  are  produced,  in  accord- 
ance with  the  laws  of  refraction,  by  the  alteration  in  their  course 
which  the  Light-rays  undergo  in  their  passage  through  the  lenses 
interposed  between  the  object  and  the  eye.  These  diopfric  images, 
when  formed  by  lenses  free  from  Spherical  and  Chromatic  aberia-  , 
tion,  are  geometrically  correct pictiires,  truly  representingthe  appea^  : 
ances  which  the  objects  themselves  would  present,  were  they  enlarged  , ! 
to  the  same  scale,  and  viewed  under  similar  illumination.  And  i 
we  are  fully  justified,  therefore,  in  drawing  from  such  Microscopic  j 
images  (provided  that  they  are  free  from  diffraction-spectra)  the 
same  conclusions  in  regard  to  the  structure  of  the  objects  they  pic- 
ture, as  we  should  draw  from  the  direct  vision  of  actual  objects 
having  the  same  dimensions.  There  is,  however,  an  optical  hnut 
as  to  the  completeness  of  such  images  in  regard  to  min^  u ’ 
as  it  appears  from  the  theoretical  researches  of  Profrs.  Helmholtz 
and  Abbe,  that  no  amount  of  magnifying  power  can  separate 
dioptrically  two  lines,  apertures,  or  markings  of  any  kind,  not  more 
than  l-2500th  of  an  inch  apart.  The  visual  separation  or  ‘ resolupon 
of  more  closely  approximated  lines  or  other  markings  is  entirelyp 
the  result  of  diffraction ; the  Objective  receiving  and  transmittoglti 
not  only  the  ordinary  dioptric  rays,  but  the  ‘ inflected  rays  whose 
course  has  been  altered  in  their  course  thrmigh  the  object  by  som' 
peculiarity  in  the  disposition  of  its  particles.  These  rays,  , 
acted-on  by  the  Objective,  produce  ‘ diffraction-spectra ; the  number 
ami  relative  position  of  which  bear  a relation  to  the  stnictura*i 
arrangement  on  which  their  production  depends.  If  the  Obiecu'  ® 
be  perfectly  coiTected,  and  all  the  diffraction-spectra  he  within  i 
field,  they  will  be  re-united  by  the  Eye-piece  to  form  second^ 
or  ‘ diffraction’  image,  lying  in  the  same  focal  plane  with  the  oiof 
trie  image,  and  coinciding  with  it,  while  filling  up  its  outhnes 
supplying  intermediate  details.  But  where  the  markmgs  (oi  whai 


ever  nature)  are  so  closely  approximated  as  to  produce  a wide  disiic. 

A .1  • J P r-v^l-rr  O V\01<4.  At  +.  H PTH  TlltlV 


ever  uauui^y  x a .-i  , 

sion  of  the  interference-spectra,  only  a part  of  them  y, 
within  the  range  of  the  Objective;  and  the  ro-combmation  ot  tnc. 
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may  produi;3  a diffraction-image  differing  more  or  less  comnlA+plAr 
(Mrhaps  even  totaJly)  from  the  real  stmctere  XlerS  S 
should  he  ptirely  outside  the  field  of  the  Objective,  no  secondary 
or  ihffraction-image  will  be  produced.  Thus,  whilst  the  diontric 
image  represents  the  actual  object,  a diffi-action-imao-e  formed  bv 
the  reunion  of  some  of  the  interference-spectra  is  only  aT  optical 
•expression  of  the  result  of  their  partial  re-combination  whicKav 
J cpiesent  something  entirely  different  from  the  real  structure  •— 

ole  f '""f  Toeing  presented  to  the 

7 surfaces,  and  cU^ereyit  arrangements  bv 

.skimlarhj-hnea  surfaces,  according  to  the  numbers  and  positions  of 
the  re-imited  spectra.*-This  doctrine,  originally  bas^d  on  elaboil?e 
theoietical  investigations  in  connection  with  the  ‘ Undulatoiw 

inquiries  instSiffed  t?  teTit' and^is  l^sucrL^lete  Ta^mo^^^^ 

.twne  kA'n“  A.-<=hlTon  oFS^ 

fteir  coiectaeS  Mioi-oscopist  to  satisfy  himself  of 

cemented  to®  an  orcLTry  glaTsIhde 

e’tdy.  lo.dd  S «- 

com  “ "ho  ObjS 

fcser„‘„to  a“S„l  ill«mi„atecl  from  tfltSor^S 

image  of  its  ruled  surface  as  a^?  ordinary  microscopic 

’Server,  lookinv  i?Hn+hp  u!.,?  At’  eye-piece  is  removed,  and  the  ob- 
liia  eyes,  sees  two  rows  changing  the  place  of 

on  either  side  of  it  hb  ^ i’  i ? » central  circle,  with  ovals 

each  of  the  tat  sVoi:,  Sm ATo nt 

always  towards  the  centre  T1,pq  i f ^ spectrum,  with  the  blue 

the  four  closely  anpi  AimateTt  ® f’’®  ‘^iffi'action-spectra  of  which 

mder  lines  of  P m the  upper  row  are  formed  by  the 

(whicli  are  at  double  A A pairs  in  the  lower  row 

the  double  ruhnt  ]>receding)  by  the  closer  ] hies  of 

O* 

hy  the^Stvhl^^'Jnirgy^^^  Abbe’s  doctrine 

^ a white  surface,  its  eSre  ret  spectrum  is  projected  by  a prism 

^am  of  white  light.  ]jut  if  onlv  ^ens  will  reproduce  a 

«ned,  the  beam  will  Jiave  a colou^r  d JA  ®P^°tnim  be  thus  recom- 

, t In  the  gratinc  user  ^ the  selection. 

VoI.  xvii.,p.8;j),  tlie  linrlsintltAnetA?®”'^  (“Monthly  Microsc.  Jouni.,” 

>'!  lower  about  S}/)H0.  ' c half  -were  about  1,71)0  to  the  inch,  and  in 
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The  following  experiments  show  (1)  that  the  dioptric  image, 
viewed  by  the  eye-piece  separately  from  all  diffraction-spectra  no 

Microscopic  representation  at  all  of  the  lined  surf^e  , i nwn 

varying  the  combinations  of  the  diffraction-spectra  the  hneation  sh^^^^ 

in  the  Microscopic  image  of  the  ruled  surface  may  be  partially  or  con 
’’'Srtnf  in  tl.e  Srst  P>»“! 

metric  sht  (b)  be  so  placed  immediately  behiud  the  Objective,  that  the 
slit  is  parallel  to  the  direction  of  the 

the  direct  ravs  forming  the  dioptric  image,  but  excluding  all  diffraction 
heLld  seeAhrough  the  replaced  cw.ece  chows  ». 
rfalccr,  the ‘grating'  heiog  replaced  H 
the  diaphragm  be  turned  a quarter  round,  so  that  the 
to  the  hues, ° and  admits  the  pairs  of 
lie  nearest  the  centre,  the  lineation  reappears,  as 

Experiment  2.-If,  now,  a diaphragm  be  used  having  t^ree  slite  W. 

of  which  the  central  admits  the  direct  rays  Sir  o^^ 

receive  the  first  pair  of  the  wider  spectra  and  the  second  pair  oi  tne 

closer,  it  will  be  fSnd,  on  replacing  the  eye-piece, 

covered  with  the  closer  lines,  as  at  F.  For  the  stoppmg-o  it 

spectra  of  the  upper  series  brings  into  combination  only  that  pair  wme 

eSreSonds  wiSf  the  lower,  aSd  therefore  makes  tl^e 

of  the  upper  half  correspond  with  the  real  lineation 

introduction  of  an  intermediate  set  of  spectral  hues,  scarce  y guis 

from  those  of  which  they  seem  to  be  Pr  olongations 

Experiment  3.-Further,  by  carrying  the  two  lateral  slits  ^ at  H)  t 
the  distance  of  the  extreme  spectra  of  both  ^ows-which  ^tance  re 
presents  that  of  the  spectra  that  would  1^® 

L close  as  that  of  the  lower  half  of  A,  f “^1  isTeeu 

the  upper  half-the  entire  field,  when  the  eye-piece  is 

to  h&  covered  with  the  douhly-close  lines  corresponding  to  that  distan  , 

‘-0”  ‘’'0  kand,by.,smgasiD8leai«rture^ 

as  in  D,  which  is  broad  caough  to  admit  the  mnermost  P“' 
in  the  upper  row,  liut  not  to  admit  any  of  the  spectra  of  the  1 ro 
the  held  when  the  eye-piece  is  replaced,  shows  the  wide  lines  (o)  of  the 
upper  hMf  of  the  grating,  whilst  its  lower  half  is  perfectly  blank. 

It  has  thus  been  experimentally  demonstrated 
of  the  true  image  of  the  grating  dependent  upon^^^ 
rc-comhination  of  its  diffraction-spectra,  while  the  ^ 

of  these  altogether  obliterates  the  hneation.  - n 
now  for  the  fi°rst  time  the  scientific  rationale  of  the 
long  been  practically  known— the  relation  oj, ol^vious  that 

Ice  the  ‘ diffraction- spectra  <h- 

Verge  more  and  more  widely  in  proportion  to  the 
may  take-in  the  spectra  of  a more  open  lineation  (Exper. 


DIFPEACTION-SPECTRA. 

Fig.  117. 
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thus  an  Objective  mav  be  able  clearly  to  separate  lines  of  50,00(^ 
to  an  inch,  from  whicli  no  amount  of  ‘ coaxing’  by  oblique  or  any 
other  kind  of  illumination  can  obtain  a resolution  of  lines  of  SOiOOG 
to  an  inch. — But  further,  it  has  been  made  clear  that  most  distinct 
‘ spectral’  lines  can  be  produced  in  the  Microscopic  image,  by  the 
re-combination  of  selected  pairs  of  diffraction-spectra,  without  any 
real  lines  answering  to  them ; andhence,  that  the  images  thus  formed 
cannot  be  regarded  as  indicative  of  the  actual  stracture  of  the 
objects  they  represent ; the  grating,  for  example,  whose  real  linea- 
tion  is  shown  at  A,  being  made  to  appear  (according  to  the  manner 
in  which  it  is  viewed)  either  entirely  blank,  as  half -blank  (g),  as 
having  the  intermediate  lines  of  its  lower  half  extended  over  its 
upper  (f),  or  as  having  its  whole  field  covered  with  lines  at  only 
half  the  distance  of  those  of  its  closest  part  (i).  The  same  effects 
of  obliteration  or  duplication  of  lines  may  be  produced  on  such 
objects  as  the  scale  of  Lepisma  saccliarina  (Fig.4d7),by  using  higher 
powers  with  suitable  diaphragms. — It  will  now  be  shown  that  the 
variations  producible  by  similar  treatment  in  the  appearances  of 
cross-lined  objects,  are  yet  more  remarkable.  . 

A grating  with  lines  crossed  at  any  angle  may  be  prepared  by  cement- 
ing a cover-glass,  with  one  set  of  lines  ruled  through  a silver-film  on  its 
under  side,  upon  a glass  slide  having  another  set  ruled  on  a silver-film 
ou  its  upper  surface.  If  the  two  sets  of  lines  are  placed  at  right  angles 
to  each  other,  a rectangular  grating  is  the  result  (n)  ; if  at  any  obhque 
angle,  the  grating  is  rhombic  (k). 

If  the  square  grating  be  focussed,  and  its  image  examined  by  looking 
into  the  tube  of  the  Microscope  without  the  eye-piece,  the  diffraction- 
spectra  will  exhibit  the  regular  arrangement  shown  at  r ; the  round 
image  being  in  the  centre  of  the  field,  and  the  ovals  being  disposed  in 
five  rows  at  equal  distances. 

Experiment  5.  A diaphragm  being  interposed  (l)  with  an  oblique  slit 
just  large  enough  to  admit  the  central  circle  and  one  of  the  diffraction- 
spectra,  and  the  eye-piece  being  replaced,  the  real  rectangular  lines  will  not 
be  seen  at  all,  but  the  field  will  be  traversed  by  oblique  spectral  lines  (o), 
whose  direction  is  at  right  angles  to  that  of  the  slit. 

If  the  image  of  the  rhombic  grating  be  examined  in  the  same  manner 
as  that  of  the  square,  it  will  exhibit  the  arrangement  shown  at  P (the 
dotted  inner  circle  being  here  disi-egarded).  j-  • 

Experiment  6.  By  using  a diaphi*agm  with  a single  slit  in  the  direction 
of  one  of  the  diagonals  of  the  rhomb,  a Microscopic  image  will  be  pre- 
sented from  which  both  sets  of  real  lines  are  entirely  absent,  whilst  a single 
set  of  spectral  lines  is  seen,  whose  direction  is  at  right  angles  to  the  slit, 
that  is,  in  the  direction  of  the  other  diagonal.  i.  • i f 

Experiment  7.  Again,  by  using  a diaphragm  with  two  slits  at  right 
angles  to  each  other  (q),  the  Microscopic  image  will  show  fico  sets  of  spu- 
rious lines  crossing  one  another  tit  right  angles  (m),  in  the  directions  of  the 
two  diameters  of  the  rhomb,  the  real  lines  being  altogether  invisible. 

Experiment  8.  A very  singular  effect  is  produced  by  the  use  of  a single 
circular  diaphragm,  whose  aperture  is  reduced  so  as  only  to  include  th 
six  spectral  ovals  lying  within  the  dotted  circle  at  p ; for  on  then 
placing  the  eye-piece,  the  entire  field  is  seen  to  be  marhed-out  vi  hexagons.- 


: 


PiELATI'VE  QUALITIES  OE  OBJECTIVES. 

Now  if  a valve  of  Pleurosigma  angulatunih&  focussed  ivi'fl.  ^ t.  r 
illnmmation  under  an  Obiective  nf  with  central 

ai.erlme,  and  the  eyeVe?e  be Vemovef 

down  the  body  a brif^bt  central  bpam  wi+’l  • ^ seen  on  looking- 

.onnd  it.-ins';  as 

the  reason  that  no  other  speota  a?e  S 

tiou  of  the  markings  carries  these  six  snppfrn^+^t  approxima- 

the  field  of  even  tLlareest-an^^^^^^  to  the  extreme  border  of 

angle  win  not  show  them  at  all  with  cexitralThi-ht  of  smaller 

used,  the  circular  beam  is  carried  er.  " ® t if  oblique  light  be 

oval ’is  seen  at  tL  other -TncUh 

make  one  set  of  lines  visible  A^ain  bv  u—  suffices  to 

propriate  diaphragms  any  ‘ three  of  ^ ap- 

these  nith  th?  cef3  boYm  X 4^3^'  oftX 

made  to  show  a ereat  r»f*  n ^ depart  of  the  valve  maybe 

conclusions  drawnfaSS^Se^of^Te  SSs  general 

entire  distinctness  in  character  be+wle  (t)  ^-s  to  the 

objects  ajid  the  representations  of  their  finer 

Irom  the  reunion  of  their  InferfereTtera  „ f <=<-etaiIs  which  result 

very  limited  tnistworthiness  of  the  ffi'tfe 

of  the  structure  occasions  cjn eh  latter, -when  the  minuteness 

spectra,’  as  iXits  X “Zb-  »*  *he  -diAraotion- 

, clear  (1)  that  the  ‘ resolring  powe”'' byTlfioh  cUY'™“  ’* 

l.  lines  or  other  markings  are  sXratedXX"  XJy'Wroximated 

,'Of  the  coiTeetions  for”  SpLS  aM^br  V '“"'Pkteness 

’presupposed)  with  the  riCto 

f that,  as  there  is  a like  increase  in  ihl  l!  n ; and  (2) 

r -:pectra  which  can  be  combined  with  the^d’^^  diffraction 

^sentations  of  minute  stSre  a 1 ^'^pre- 

ifgnlar  aperture  are  more  tnistwmdhwh^^  Objectives  of  widest  An- 
!'  -larrowir.  tnistworthy  than  those  given  by  those  of 

158.  Relative  Qualities  of  Obiectivp'^  Tn  q +•  x- 
larative  values  of  different  Ohieitivef'~^  estimating  the  com- 

■o  the  purjjose  for  which  each^  is^  desigS-'lS’^’^V''— ^ 
construct  a combination  which  Sf  be^in  iT  .impossible 
Te?-?/ requirement.  Itis  commnnlyp  n equally  serviceable  for 

■ S..  L Origio.,  Memo  “X?  Ibbe  T>  “ 

' \“’V?  “ Arclriy  ,ur  MicrosVop  IX’oml  »3’  Iff"*?' 

h L.  Fripp-g  translation  of  it  in  the  “tp.  ’ 08/4),  p.  418:  Dr. 

al  Sts  fcociety,”  N.S.  Vol  i tvit4  9 n sk^-\  '’t  the  Bristol  Natu- 

" , Monthly  Microsc.  Journ’.  ^ Vol  xiv^  ^ ® ti’nnsla'tiou 

-1®  fiiereon— to  which  also  Mr.  Stephen- 

at.,  Vol.  xvii.  (1878')  n S9  o i t>oen  spocially  indebted 

: '■fccMo.  in  Micr„s<!opich£„„*-  ‘ (i',  V'“f  ll?,"  *>">  !«<!  “XXt 
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will  show  certain  Tcst-ohjects,  must  be  very  superior  for  everything 
else  to  a glass  which  will  not  resolve  these  ; but  this  is  known  to 
every  practised  Microscopist  to  be  a complete  mistake,  the  qualities 
which  enable  it  to  resolve  some  of  the  more  difficult  tests,  not 
being  by  any  means  identical  with  those  which  make  it  most  usetul 
in  all  the  ordinary  purposes  of  Scientific  investigation.  _ i ive  dis- 
tinct attributes  have  to  be  specially  considered  in  judging  ot  tlie 
character  of  an  Object-glass,  viz.— (1)  its  wor7cmp-di«iavice,  or  actual 
interval  between  its  front  lens  and  the  object  on  which  it  is  focussed ; 

(2)  its  defining  power,  or  power  of  giving  a clear  and  distinct  image 
of  all  well-marked  features  of  an  object,  especially  of  its  boundaries , 

(3)  its  penetratmg  r>ower,  or  focal  depth,  by  which  the  observer  is 
enabled  to  look  mto  the  structure  of  objects;  {A)  resolving  power, 
by  which  it  enables  closely-approximated  markings  to  be  distiu- 
<ruished  ; and  (5)  the  flatness  of  the  field,  wMch  it  gives 

I The  ‘Working  distance’  of  an  Objective  has  nofixed  relation 
to  its  ‘focal  length;’  the  latter  being  estimated  by  its  equahty  m 
magnifying  power  with  a single  lens  of  given  cuiwatuie ; while 
the^former  varies  with  the  mode  in  which  the_  combination  is  con- 
structed, and  with  the  angular  aperture  given 
Objectives  of  1-inch  focus  and  the  same  angle  of  aperture  ^(say  2o  ). 
.one  may  have,  in  virtue  of  its  construction,  a much  longer  working 
distance’ than  the  other;  and  this  is  not  only  an  advantage  ui 
facilitating  the  side-iUumination  of  opaque  objects,  but  al^, 
admitting  (as  will  presently  appear)  of  greater  focal  depth  o 
‘ penetraLn.’  But  it  is  especially  in  the  case  of  lugh  powers,  that 
‘working  distance’  comes  to  be  of  essential  importance.  Iht 
widening  of  angular  aperture  which  is  required  to  give  them  their 
highest  degree  of  ‘ resolving’ power  (iv.)  necessitates  a very  _cW 
ap^oximation  of  the  front  lens  to  the  object ; and 
absolute  necessity  that  the  interval  should  be  sufficient  for  the 
tnterW^^^^  a cover  of  the  thinnest  glass,  or  if  this  be  inad- 
missible) of  a film  of  mica,  every  addition  to  this  mterval  is  a,  ^leai 
o-ain  not  only  in  convenience  of  workmg,  but  also  in  regaid  to  the 
?penetr^^  (m.)  of  the  Objective  -The  increase  of  work- 

incT  distance’  obtainable  by  the  use  of  the  Immersion  system,  i. 
by“no  means  the  least  of  its  advantages.^ 

^ii  The  ‘ Defining  power  ’ of  an  Objective  depends  upon  the  r.a^- 

^letmess  of  Us  corrluonsiox  Spherical  and  Chromatic  aberraBon 
(SS  9-15),  especially  the  former  ; and  it  is  an  attribute  essenti 
the  satisfactory  performance  of  aai/  Objective, 
other  quahties.  Good  definition  may  be  more  easily  obtained 

* Owinir  to  the  want  of  some  common  standard.  constructed  \ 

.nJpreTMakcrs  of  the  same  nominal  focal  length,  often  differ  con sidembl 

hvthe  different  Objectives  of  any  one  Maker  .s  senes  is 
Objective. 


defining  .powee  of  object-glasses. 
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X”*aJd  tsIiroKnron^h?'^-  *'''’  w: 

^§19.  m,  oaa  beU^KfeTo“4 

m"Jcilpl7"/L%irw^^ 

..ea  ..oa.. 


Uixcoc  a 

Irnye  with  those  companng  Objectives  of 

f;  ‘/iK^t  “"g: 

il!"  ‘are  widened  to  the  utiunql  • +1iq^  +?  invisibility  as  the  aiiertures 
; “tubules,  orsemUub^s  c^ers, 

: “ in  consequence,  minute  detail obliterations;  and  that, 

''''‘  m<-iure  is  sufficiently  reduced'’~lti^^^^^^ 

i Dalhnger  and  Drysdale  that  L tbp  rf.fi  ei.peiuence  of  Messrs. 

jmmutlreproducC  g?kSd“  b 

f.  history  they  have  studied  IS  41  SI  n ^ forms  whose  life- 
b§  305),  which 

t Microscopy  yet  nerfoi-mpfl  ml  y fonts  of  Biological 
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t 1 roccodmgs  of  Koyal  Society,”  JunT^  UTO. 
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tcatbeing,  in  tlie  Author’s  judgment,  more  suitable  than  the  Vodnra- 
scale  (§  162).  Any  imperfection  in  Defining  power  is  exaggerated,, 
as  already  pointed  out  (§§  26,  136),  by  ‘deep  Eye-iheciug;’  so 
that,  in  determining  the  value  of  an  Objective,  it  is  by  no  means 
sufficient  to  estimate  its  peidormance  under  a low  Eye-inece,-  -an 
image  which  appears  tolerably  clear  when  moderately  magnibed.. 
being  often  fonnd  exceedingly  deficient  in  sharimess  when  more 
highly  amplified.  The  use  of  the  Draw-tube  (§  83)  affords  an  addi- 
tional means  of  testing  the  Defining  power;  but  recourse  cannot 
be  fairly  had  to  this,  unless  an  alteration  be  made  in  the  adjust- 
ment for  the  thickness  of  the  glass  that  covers  the  object  (§  139), 
in  proportion  to  the  nearer  approximation  of  the  object  to  the 
Objective  which  the  lengthening  of  the  body  involves. 

III.  The  Penetrating  power  or  ‘ focal  depth’  of  an  Object-glass 
may  be  defined  as  consisting  in  the  veoiical  o-anf/e  through  which 
the  parts  of  an  object  not  precisely  in  the  focal  plane  may  be  seen 
with  sufficient  distinctness  to  enable  their  relations^  with  whatdoc/f 
lie  precisely  in  that  plane  to  be  clearly  traced-out ; just  as  we  coifid  i 
do  by  ordinary  vision,  if  the  object  were  itself  enlarged  to  the  size-  | 
of  its  Microscopic  image.— ISTow  this  is  a quality  which  is  very  ; 
differently  valued  by  different  observers,  according  to  the  nature  I 
of  the  work  on  which  they  may  be  severally  engaged.  The  IDsto-  | 
legist  who  is  scrutinizing  the  elementary  components  of  a tissue  j 
that  is  spread-out  in  the  thinnest  possible  film  between  two  plane  i 
surfaces  of  glass,  considers  ‘ penetration’  rather  an  evidence  of  j 
imperfection  in  his  Objective,  which  (he  affirms)  cannot  show  him  J 
anything  save  what  is  exactly  in  the  focal  plane,  without  a sacrifice  r 
of  its  highest  attainable  capacity  for  doing  the  latter.  On  the  « 
other  hand,  the  Anatomist  who  is  studying  the  general  organi-  |i 
zation  of  some  minute  Plant  or  Animal,  or  the  structure  of  ipdi-  j 
vidual  organs  in  a larger  one,  finds  a cerfain  amount  of  ‘penetration  L 
essential  to  his  recognition  of  the  relations  between  the  several  j.i 
parts  of  the  object  which  are  successively  brought  into  distinct  |c 
view  by  alterations  of  the  focal  adjustment.  And  the  Physiologist  b 
who  is  watching  the  actions  that  are  going  on  in  a living  Organism  I 
or  in  some  component  part  ;of  it  (as,  for  example,  the  in'temal  t 
movements  of  an  Amoeba,  or  the  cyclosis  in  a leaf-cell  of  falhs-  jj 
neria)  could  fonn  no  satisfactoiy  conception  of  such  phenomena.  | 
if,  instead  of  passing  gradationally  (as  an  Objective  of  good 
‘ penetration’  allows  him  to  do)  from  one  focal  plane  to  another,  he  I 
can  only  get  a series  of  ‘dissolving  views’  with  an  interval  ot  I 
‘ chaos’  between  each,  as  he  does  when  Avorking  with  an  Objective  I 
whose  ‘ penetration’  has  been  sacrificed  to  Angular  aperture.—l  or  I 
the  study  of  opaque  objects  which  present  such  inequalities  of  snr-l 
face  as  to  render  it  impossible  to  apprehend  their  true  foi-ms  uule.ssl 
much  more  can  be  seen  than  is  jirecisely  in  focus  _ at  once.  goo<  I 
‘ penetrating’  power  is  obviously  essential ; and  this  is 
sable  to  the  advantageous  use  of  the  Stereoscopic  Binociilar,  wmoi  i 
<«-rossly  exaggerates  the  effect  of  projection,  Avhen  object.?  a 


KESOLVmo,  POWER  OR  OBJECT-OLASSES.  ,9,, 

XSu  be  Ialdd^™'S  to  t*he  Si™ 

au  Objective  bears  to  S SLiSstanS  wf 

;^re  j because  much  deioends  nnS  +To  abgular  aper- 

But  it  may  be  stated  generally  that  ‘^'^^struction. 

distance  naye  the  greatest  ‘ upn  + of  longest  -working 

ot  the  Angular  aSteSmLS  “l,i.t 

increasing  rate  * uiisiies  penetration  at  a raiDidly 

* Besol-yinff  power’  bv  wirin' r>i, 

approidmatedmarkings-whethLTin^^  minute  and  closely 

are  separately  discerSed  has  no  J IT: 
upon  Angular  aiierture  (§167)- and  tbi^  shown  to  depend 
; siiPPosed-on  account  oi^he  areatr^el’r  formerly 

larg^-angled  Objectiyes  wilTaffi  as  be^''^^ 

; receiye  and  recombine  the  ‘ SLctll  .Tt  capacity  to 

the  range  of  Objectiyes  of  more  limited  he  without 

resol^g’ po^yers  of  different  Obie^iyes  comparing  the 

that  the  adyantage  of  wide  anerf  m-A  'if must  be  borne  in  mind 
the  illumination  does  Z oor?esto^^^^^  ? obliquity  of 

of  the  image.  But  when  tt  SuestL  ^ formation 

of  surface-markings  (such  as  those  of  I’esolution 

'^|^®?'“^i^ation  of  internal  structure  of  fhe 

■?i  Pi'ocess  of  diyision  in  cell-nue  efl  in  the  study 

;videdly  to  be  preferred,  as  bein^  attendeVf^^>Vi^^^^i^^^^°^ 
ihhque  to  produce  deceptiye  appeal 
heoretical  researches  of  Prof  Abbe  tbn+ ^PPears  from  the 

Ts°JiS??  ™ Angulai  anertPS  loS’T™  attainable 

18,000  hues  to  the  inch  • and  ^ of  180  should  separate 

kctually  accomplished  (§  160)  But^tlfri^^  ^ been 

fcoscope,  sfncrtt“‘afeSt  tt 

& P«*'%  flat  object,  the  tod  o?  tbe°  “f ‘™tad.  that,  evon 
Zh  Pp"  t''®  flaw  are  so  diffieh  it  «‘®  Peri- 

made  tor  one,  the  other  is  evtremSv  ®“  *’‘® 

• The  Author  i,  iufo™.,.  , ^“*“®ty  indistinct.  Hence,  when  the 

’itTqSJeTaT  “I  Pl"aof 

0 fcj 
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central  portion  is  being  It  had^been^S^^  stopped 

respecting  the  penphera  , the  image 

ont.  AVitb  a really  good  O^ject-glass  not  marginal  por- 

be  distinct  even  to  tbe  maigin  central.  In  many  Micro- 

tion  sbonld  be  as  free  f i^feXction  of  the  Objectives 

scopes  of  inferior  ^onstmctio^^  the 

in  this  respect  is  masked  by  th  ■.  irh  limits  the  dimensions  of 

diaphragm'  in  the  Eye-pieee  (§  27)  this  limit 

the  field ; and  the  perfornmuce  «’^"hatTf  a^^^^  although,  if 
may  scarcely  be  distingnishab  Eyg.piece  of  larger  aperture, 

the'^  two  were  compared  made  apparent  by 

their  dilference  t^e  margin  of  the  field,  and  by 

t s“;r*ieVa“ 

“tSiC  ae"S?.°sWa  .e  unde,  an  Eye-piece 

giving  a large  field.  , fnr  apueral  mirposes,  is  obviously 

vn^he  most  perfect  the  degree  in 

that  which  But  it  seems  to  be  now 

which  they  are  mutually  compatib  . primary  quahties, 

Sear  that  the  highest  P«t<=*7 J*  in  the 

‘ defining’  power  ‘‘■'a  ™selv“g  poje  ObjecUves.  one 

same  combination ; so  that  cno  _ ^ ^ other  by  the 

distingrmhed  by  the  former  of 

latter,  will  depend  upon  ' ^^^gs  on  Diatom-valves  is  the 

ployed.  If  the  resolution  of  Jhe  m Objective 

Microscopist  s ^qth  the  bfst  de£iition  that  is  com- 


Hicroscopist’s  special  pursuit,  Jl®  best  detoition  that  is  com_- 

of  the  pobT^^^  difficult  Biological  mvesti- 

Wf  to  3rper?eet  ’ definition’  hrs  snm 


patiblewithit  Butifhebeeng^^^^^ 

^ r XU-  -,..-.Pwr^rV  of  the  Microscojie 


li 


* It  is  assuredly  neither  the  siliSon^  valve^of 

(as  some  appear  to  suppose)  to  ^^solve  the  ^ 1 to^ohservations  of  this  class  is 
niatoms;  in  fact,  the  interest  vhicli  atracn  performance  ol 

entirely  confined  to  the  value  of  thes  which  has  been  devot^  to 

?h?sS»i:b£t5|Hb^^ 

every  stago 


I 


i 


mST-OBJECTS.  ic)j. 

great  sui)eriority  of  the  ‘ immersion  system’  consists  • 
hut  the  greatest  perfection  m the  construction  of  even  an  imS^r«inl’ 

S SSo^'XU'h  prevent  that  impaii-ment 

shown  experimentally  as  well  as  theoretically 

Tvidenin/of  thVnu  Jw  consequent  upon  excessive 

for  th?  moi  serviceable  Objectives 

■ the  ^^“^ogical  investigations,  therefore,  will  (in 

being  of  various  deo-rees  of  u ^ Object-glasses  ; these  tests 

and  thn<^  f’  ™ \ ^re  tests  of  resolvinq  power 

teste  Ive  ojy  suitablUo^Sf''f‘  ^°^/o^cr,  these  ‘difficult’ 

: ;S?5nSSSp- 

perfectly  well  S ete?‘ 
capacity;  and  that  they^w^S  mo.f  r 
power’  most  suitable  to^the  investigation 
be  engaged.  In  estimating  the  Xe  of 

always  be  considered  for  onl, 17  ^ nn  Ob;, ept-glass,  it  should 

raerits  should  be  infPiir)  f purpose  %t  %s  %ntended ; and  its 
W61,  tfat  ptpU  *“  dfseee  in  which  ? 

objects  proper  to  consider  what  are  the 

'medium,  and  higk  • and  what  nrp  ^.^j®ct-glasses— Zo?y, 

■»g  ^hich  eacl/ mV.he 

Eocal  ““y  whoso 

"■ade  in  tlis  ‘ ’ “anally 

. inch,  and  2.3rda  i^hl^us  LI  the?  ’ ® ^ T’*'  “»'■• 

i.on  of  fron.  10  to  70  ^aL^toesLltllLTe^^S.lL^^^^^ 


i 

I 
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16  to  120  diameters  witli  tire  B eye-piece.  An  ‘adju^alde’ low  power 
is  made  by  Zeiss  of  Jena  (obtainable  from  Messrs.  Baker),  in  which, 
by  varring  the  poritioa  of  the  f i-ont-lene  by  means  of  a eorew-collar 
7,  mm  of  power  is  obtainable  from  about  8 to  16  diaineters  with 
fbe  7 cve-pieoo  and  from  12  to  24  with  the  B cyc-piece  I ns 
has  been  found  by  the  Author  extremely  convenient  for  the  display 
KSeSrobiects,  of  which  it  is  desired  to  show  the  wWe 
nnteas  high  an  amplification  as  ivill  make  their  images  fill  the 
field  Objectives  of  lorn  power  are  most  used  m the  exaimnation  of 
opMue  Objects,  and  of  Transparent  objects  of  large  size  and  of 

coS^Irati4ly  coarse  texture  ; and  the  toi7 

+Viprn  nvp  H sufficiently  large  aperture  to  give  a might  imaoC,  com 
binXit^sSrc^  definition  as  to  give  a clear  image,  with 
‘ focal  depth  ’ sufficient  to  prevent  any  moderate  inequalities  of 
surface  from  seriously  interfering  with  the  distinctness  of  the 
entire  picture  and  with  perfect  ‘ flatness  ’ of  the  image  when  the 
oWt  S is  flak  For  the  3 inch.  2 inch,  or  H inch  Objectives.* 
no'' nro^Sd  S judgment  is  better  than  the  manner  in  whmh  it 
shows  such  an  injected  preparation  as  the 

TmiiP-  (Fio-  485)  or  a portion  of  the  villous  coat  of  the  Monkey  s 
Tntestine°(Fig.  479);  for  the  apertui-e  ought 

thJ  whole Vould  be  seen  without  any  marked 

the  Aperture  be  too  small,  the  image  wdl 

large,  details  are  fi^ught  mto  view  (such  as  the 

of  the  object  which  are  brought  exactly  into  focus  being  ^e 

over.miniteness,  the  remainder  are  enveloped  in  n thicyo, 

throuo-h  which  even  their  general  contour  can  scarcely 

k”:e  If w-s  ssrSBSSi 

f wer  f the  kind'’ (Kg  °277,  4)  “ ^ 

foci,  and  being  really-well  exhibited  igfi^ition  on^he  part 

the  Bye-piece,  as  will  exaggerate  any  want  thin  a 

S an  inferior  lens.  For  Flatness  of  field  no  test  is  ^eWer  tna 

* These  are  ordinarily  composed  of  235 
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V to  12  inches.  The  general  performance  of  Object-glasses  of  1-inch 
and  2-3rds  inch  focus,  may  be  partly  judged-of  by  the  manner 

injections  as  those  of  the  Gill  of  the  Eel 
^ Bird’s  Lung  (Fig.  486),  which  require  a higher 

magnifying  power  for  their  resolution  than  those  previouslv 
named;  still  better,  perhaps,  by  the  mode  in  which  they  exhibS 
cl  portion  of  the  of  some  Lepidopterous  Insect  having  well 
ilJ'tbe  e same  qualities  should  here  be  looked-for,  as 

powers  ; and  a want  of  either  of  them  is 
to  be  distingiiished  in  a similar  manner.  The  increase  of  Angular 
^5®se  Objectives  may  advantageously  receiv^e  up 
^ca^L’of  them  capable  of  resolving  all  theLsier  ‘ test  ’ 

414  in  l ^ """  ^>^enelaus  (Fig. 

veri;  as  ^he  B eye-piece,  they  should  show  the  trUt 

S?w-Swm/ 4^?^  Proboscis  of  the 

..  4^8)  IS  one  oJ:  the  best  transparent  obiects  for 

ena;bhng  a practised  eye  to  estimate  the  general  performance  of 

lens^  th&the  tef  ^ Sool 

macular  ill ^ structure  can  be  well  shown  In 

ah^nlv  wifK  ""  clearly  and 

shS  l.r^^?i  i tracheal  spires  and  rino-s 

there  should"  be"^"  Mcatbn  of^geS  ^""An^bi' 

kin?  Fo7Vl“f  TFi  foi’  any  other  object  "of  its 

(Plate  n field,  sections  of  small  Echinus-spines 

Ifl?  1 ^ Sood  tests.  The  exactness  of  the^  cor 

wnicn  ought  to  be  clearly  defined  under  such  obiectives  anrl  fn  hr. 

L **'®  traeheas  of  Insects  (Fis 

SS;  ““S’**  ‘0  '’<*  dirtinctly  separated  ^ eact 

inc‘1-  \\ii 

l»fy  of  whicl“ange;t™“b;^^^^^^^  'ttasjlfyetesTSf 

' Si 

<ufficient  working  distancp\n™^^^^-^^^’  l"^th  should  have 

• Ti  ■ for  opaque  ofyects,  unless  these  are 

‘■^^lHarn^Vo^, usually^  Gfycenue-jclly  ; for  when  mounted  in 

•i‘Hl  forms  and  relative  positing  cannt°bc>  together,  so  that  their 
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shown  hy  Prof.  Smith’s  or  some  analogous  illumination  (§  1 
great  value  of  these  powers  lies  in  the  information  they  enaU^ 
obtain  resardintr  the  details  of  organized  stinictures  and  ot  hying 

hy  transmitted  light;  and  it  is  to  them  . 

It  ntisf  itt:  ttsi&e’tXbtLefh 

ordinaiy  requirements  of  the  Scientific 

needs  of  those  who  devote  themselves  to  the  particular  classes  oi 
oh^Tts  the  gf-test  ‘ resolving  powe^ 

moderate  amount  of  such  power  is  essential  to 
Ohiective  within  the  above-named  range  of  foci  , thus,  even  ^ g 

1 -in  1 £v  -Uta  lnro*pT  scal6S  of  tli6  jPodtiTCt  (Plato  II*>  ") 

ditty; 

ft"  tto  Pe.pieoes 

ar; 

£ .n  tttrtfor  rtta  tttu  tobsj 

. By  Mr.  Toll™  (Bosloo  N.B.)  tU.  Anglo  of  to  “'-'“ttySinl-tmei 
and  tliat  of  the  4-lOths  to  145  . And  it  i every  need  of  the  Biologist, 

that  an  Ohiective  of  the  latter  focus  supplies  I can  be  worked-np 

SuL  as  even  difficult  Diatom-tests  can  be  shown  bj  t it  7«;  d, 

ly  deei  Eyopiecing  to  the  highest  pro.se- 

investigations.  hut  the  resolii  i^  ^ ti^e  is  qmte 

ud^co  of 

,:"i'o rAsrof'Sst. »'  -'■> “’■•  ’■ 

another  of  105°,  and  another  of  140  . 
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the  corrections  are  perfect 
Objectives  ot  these  apertures  should  show  the  easier  tests  first 
enumerated,  with  perfect  Definition,  a fair  amount  of  PeSatin^ 
power,  and  complete  Flatness  ot  field,  hlo  single  object  is  so  3 

l^t  of  testing  these  cpialities  in  a 

l-4th  inch  or  l-5th  inch  Objective ; and  it  may  be  safely  said  t^f 

a eus  which  brings  out  its  markings  satisfactorily  wfil  suit  the 
requirements  of  the  ortlinary  workino-  Min-n«pm->i«f  ni+i?  -ii 

Merely  ceftat  Objective 

merely  because  of.  their  mmiiteness  or  their  too  close  approximation" 

thS  f/ts:-  srr 

ssra^ff  i“s: 

aMii  i,ue;  i-ium,  i-.^Utn,  and  l-40th  by  Messrs  Ppf»P  Tl,^  ^ • 


is  seldom  howeverthnt  s.  • obtained.  11 

J portance^tlat  I ““a  “**'«  ™- 

’ Jbjectives  thouali  tha  Iflt+o  l been  seen  by  higher 

nrcnmstances  Ihen  iiMy^SpWe™^*^^^ 

ixri  ™relhti?b!S  r T“  ■?“ 

^ «acrificeTh?  deSon^^^^^^ 

ntemal  organs  of  small  Rotifers  required  to  show  the 

Objective  that  wifi  show  Infusoria, minute  Worms,  &c. 

■«  of  little  usffo7  only  may  be  broadly  stated  to 

;12ths  with  an  rpeS^closel'''^®'^3^-  l-8ths  or 

‘“lited  utility,  from3t  approaching  170°,  are  of  very 
' xtremely  close  to  their  f 1 ■ -t-  Ponetration,  and  from  focussinq 

-1  Koof  oorTifrom  ti.evl^^^^  "**>'  20°  or  40°  less  aperture” 

mns,  tney  .11  e much  more  serviceable,  losing  very 
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Httle  (as  already  shown,  § 158,  iv)  in  ‘ resolving’  power,  and  gaining 

= fz£ZS±^'^  eli«=s,« 

plates  ; ail  tlie  Danas  in  +Vip  pinkest  bands  in  others 

Objective  of  l-4th  inch  focn  , Obiectives  of  large 

Apfrtr“oTthe°n3n'?W 

15 


Band  1. 

2. 

3. 

4. 

5. 

(). 


51 


1-lOOOtli. 

l-1500th. 

l-2000th. 

l-2500th. 

l-3000th. 

l-3500th. 

l-4000th. 


Baud  8. 
9. 
10. 
11. 
12. 
13. 


l-4500tl). 

l-5000th. 

l_5500tli. 

l-6000th, 

l-6500th. 

l-7000tli. 


l-7500tb. 
l-8000th. 

16.  l"8500tli. 

17.  l-9000th. 

18.  l-9o00tb. 

19.  l-10060tb. 


*•  i"^vUUUl.  jv 

The  following  exact  ^oyston 

English  inch,  in  some  of  the  Bands,  aie  given  uy  j 

Pigott  ■'*- 


Band. 


Ko.  of  SJMCO.S 
per  inch. 

T.  11,259-51358. 

III.  22,519-02716. 

IV.  33,778-54074. 
VII.  45,038-05432. 


- Nb.ofsiMces 
Band.  i^^ch. 

IX.  56,297-56790. 
XI.  67,557-08148. 
XIII.  78,816-59506. 


, No.  of  spaces 
Band. 

XV.  90,076-10864. 
XVII.  101,335-62222. 
"XIX.  112,595-13580. 


Vil.  40,Udo*uotto^.  • V 

In  objects  Uke  Hebert’s  Test-plate, 
easily  nistaken  for  genurne  rescdutron ; ^ “ osS  to  be  an 

be  a sort  of  or»a- of  valne  of 

S'  »h.lo>-ed,  Mr.  brow., , 

estimate  must  bo  greatly  in  excess  of  tbc  reab  y . 


II 


DIATOM-TESTS. 


203 


(first  made  by  Messrs.  Harrison  and  SoUitt,  of  Hull,  in  18411  has 
argely  contribu^d  to  the  success  of  the  endeavours  which  have 
effectually  made,  to  perfect  high-power  Obiectives 
tao-l  ^ Vint  methods  of  using  them  to  the  bestadvau- 

practicidlv  demonstrated,  both  theoretically  and 

Sly  dS^kl^l  ‘resolving’  these  markings  Essen- 

tially aepends  on  the  Angular  aperture  of  the  Obiective  - so  that 

in  ‘ Mni&n  ■ ^“1?  -ayteX'  deficient 

‘ workino- distanfA’  piobably  have  an  inconveniently  short 

S to  afi  ^thveryhttle  ‘ penetration’-qnalities  essen- 

the  reSxtion  u ^ Biological  investigation,- 

fitness  of  an  means  proves  the 

S these  n f the  ordinary  zoor/c  of  the  Microscopist.- 

m-e  reaiw  of  great  value  for  the  purpose  to  which  they 

adapted  ; and  it  wiU  therefore  be  desirable  here  to  snecifv 

nt:  3 IheT/lS-  - -clicated  b;  theTloS 

Mcuko  Whose  fiustnles  are  distinguished  by  their  sigmoid 


< (S-like)  curvature  (Fig.  165.) 


1. 

2. 

o. 

4. 

5. 

6. 

7. 

8. 
J>. 

10. 

11. 

12. 


Pleurosigma  formosum 
strigile 


Balticum 

attenuatum 

hippocampus 

strigosum 

quadratum 

elougatum 

lacustre 

anguiatum 

sBsfcuarii 

fasciola 


IHrection 
of  Stria’. 
. diagonal 
. transverse 
transverse 
ti’an  sver.se 
transverse 


SiricB  in  1-lOOth  cf  mi  inch. 


Smith. 
34 
36 
38 
40 
40 


diagonal  44. 

. diagonal  45 

. diagonal  qg 

. transverse  48 

. diagonal  52 

diagonal  

transverse  

transver.se  

transverse  

transverse  


54 

64 

85 

85 


SOLLITT. 
32  — 20 
30 

40  — 20 
46  — 35 
45  — 40 
80  — 40 
60  — 35 


51  — 46 


90  — 
111  — 


50 

60 


13.  NavicularhomboidS 

14.  Nitzscbia  sigmoidea 
lo.  Amphipleura  pellucida. 

^ (yavicula  acus).  — 

Sh  t*T  forgoing  bst  may  be  resolved, 

>eu  ObieeZr  3™!“*’  “mU-angled  l-4th  or  l-5th 


130  —120 


- -1-j.uL.us  me 

ich  or  highe7row"r  S^tb!  ^peidure  proper  to  the  l-8th 

‘KH.  ‘J’he  first  Column exhibition  of  their  mark- 
.‘imbers  stated  by  Prof  W 
^ves  the  numSrs  snW 

Cr.  Sollitt,*  S nointedT^rfu^^  as  the  extremes  by 

• ‘On  thoMcT  that  gi-eat  differences  exist  in  thE 

icrosc.  Science,”  vXvhi.  ^80^,  ” 


in  “ Quart.  Journ.  of 
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fineness  o£  the  marHngs  ot  XnVSy  co°n«™e^ 

from  different  localities  ^ . n n-  ^ It  is  in  regard  to 

as  to  be  entitled  to  rant  as  an  diversity  oi 

Amphi'pleuo'a  pellucida,  i the  Author  ba  ex- 
opinion has  existed ; and  the  that  Mr.  Sollitt’s 

pressed  in  the  earlier 

estimate  was  much  too  j Y)v  ‘Woodward ; who,  having 

tion),  has  been  fully  conhrmed  Diatom, 

succeeded  m oYiSJotiSYebO  diameters,  Ss  found  that  the  stnm 
under  powers  of  1500  and.  id  .1^  91  1-lOOOth  of  an  inch, 

on  the  largest  v Jves  100  in  the  1-lOOOth  inch.* 

Tvhile  those  on  the  smallest  neve  ^ without 

The  ‘resolution’  of  the  ^ inch  without 

much  difficulty  ! by  J^solution  of  the  lines  into  distinct 

tlTrZ^rtSt  tor  Objectives  „£  largest  Aperture.-Seveml 

I'm.  118. 


I 


A, 


* “Monthly  Microsc.  Joorn.. ' To]-  v.  0.®A^y?g'„,i,,,soni.-in  Coi 
* see  his  — <“ 
mcrSSc"  ••  Vol.  i..  ks.  (1861),  P.  179. 
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and  the  Ryalodiscus  suUiUs 
the  atter  being  ot  discoid  forni,  and  having  markings  which  radiate 
m all  directions,  very  much  like  those  of  an  engine-turned  watch.— 
^ ese  may  be  added  the  Surivdla  gemma,  wliich  presents  annear 

character./These  appeainces  L 
sented  by  Al.  Haitnack,  are  shown  iii  Fig.  118,  a,  B:  theiinner  mirt 

its  a^^""  and  theT^  ^^^^^^^i^ted  by  oblique  hght  in  the  dii  ection  of 

to  iff  n vS  ^ ^ hght  in  a direction  transverse 
to  Its  ims;  while  s shows  a portion  more  highly  mao-nified  under 

the  last  illumination.  This  Diatom,  howevei”  hi  beeS  successfullv 
photographed  by  Dr.  Woodward  (Fig.  118,  c)  who  sai  of  it  ^ 

tS*Ha™S  toto  mounted  dry,  hal  satisfied  mt 

tnat  flaitnack  s ipteipretation  is  erroneous.  The  fine  striae  are  T 


^ m'^S^a  ter/or  lateraUy  84000^^^1^”^ 

■fbef  f fu  ^ ^ qualities  of  Objectives  which  best  fit 

; AuthorTemalnf  Jtl^oSn  (lief  hffi^ds^f''b^^^^^ 

I'  (Kcr^  419)’\fl'f  commonly  kno^wnls  tLpTdz^f 

Obfective  maf  serf  1/  -f  Makers,  that  an 

be  safely  accounted  f appearances  satisfactorily,  may 

■ HCle,  Xu  SXnief  1 X 

inonly  known  as  ‘ nnfea  nf  .iri  ^ a-  > ^^ut  are  more  com- 

I’hese  should  be  clearlv  senarfff/^^  '^^®]^™^^^°^-iuarkings.’ 
pus  well  defined  An  Obieef  f other,  and  their  mar- 

uch  of  60°)  will  show  tbe  angle  (such  as  a l-4th 

^n00°will8holhfifXeTw  throughout;  al-4thinch 
'he  centre  of  each  Inarkincr.^  ^ 

‘pcrtuuo  ,vi,i  ,ho  thiXX'k  thXgTX  cuS: 

-Monthly  Microsc.  Journ.,”  Vol.  vi.  (1871),  p.  100. 


206 


MANAGEMENT  OF  THE  MICROSCOPE. 


length  of  each  ‘ spine.’  I’he  degree  in  which  these  markings 
retain  their  brightness  and  distinctness  under  deep  Eye-piecing, 
may  bo  considered  a most  valuable  test  of  the  excellence  of  the 
defining  power  of  the  Objective.  As  it  is  impossible  that  large-angled 
Objectives  used  ‘dry,’  should  be  perfectly  corrected  for  Hplieiical 
aberration  (so  as  to  possess  the  greatest  possible  dafininfi  power) 
without  some  residuum  of  rJiromaric  aberration,  all  the  best  defining 
glasses  will  show  the  tliich  part  of  the  spines  tinged  with  either  blue 
or  red.  Perfect  Achromatism,  on  the  other  hand,  is  only  attainable 
with ‘dry’  lenses  at  some  sacrifice  of  resolving  and  defining  power ; 
and  many  Microscopists  jmefer  to  keep  the  latter  to  their  highest 
point,  even  at  the  expense  of  complete  colour-correction.  Most 
Physiologists,  however,  will  prefer  the  highest  attainable  achroma- 
tism, at  some  sacrifice  of  aperture.  But  it  is  one  of  the  advantages 
of  the  ‘ immersion-system,’  that  the  residual  aberrations  of  even 
large-angled  Objectives  can  be  much  more  perfectly  compensated 
than  they  can  be  in  ‘ dry’  Objectives  ; so  that  on  this  as  on  several 
other  accounts,  their  use  is  to  be  recommended  whenever  permitted 
by  the  nature  of  the  research. 

163.  Determination  of  Magnifying  Dower. — The  last  subject  to 
be  here  adverted  to,  is  the  mode  of  estimating  the  magnifying  power 
of  Microscopes,  or,  iu  other  words,  the  number  of  times  that  any 
object  is  magnified.  This  will  of  course  depend  upon  a comparison 
of  the  real  size  of  the  Object  with  the  apparent  size  of  the  Image ; 
but  our  estimate  of  the  latter  will  depend  upon  the  distance  at 
which  we  assume  it  to  be  seen ; since,  rf  it  be  projected  at  different 
distances  from  the  Eye,  it  will  present  very  different  dimensions. 
Opticians  generally,  however,  have  agreed  to  consider  ten  inches  as 
the  standard  of  comparison ; and  when,  therefore,  an  object  is  said 
to  be  magnified  100  diameters,  it  is  meant  that  its  visual  image 
projected  at  ten  inches  from  the  Eye  (as  when_ thrown  down  by  the 
Camera  Lucida,  § 94,  upon  a surface  at  that  distance  beneath),  has 
100  times  the  actual  dimensions  of  the  object.  Tlie  measurement 
of  the  magnifying  power  of  Simple  or  Compound  Microscopes^  by 
this  standard  is  attended  with  no  difficulty.  All  that  is  required 
is  a Stage-Micrometer  accurately  divided  to  a small  fraction  of  an 
inch  (the  1-lOOth  will  answer  very  well  for  low  powers,  the 
1-lOOOth  for  liigh),  and  a common  foot-rule  divided  to  tenths  of 
an  inch.  The  Micrometer  being  adjusted  to  the_  focus  of  the 
Objective,  the  rule  is  held  parallel  with  it  at  the  distance  of  ten 
inches  from  the  eye.  If  the  second  eye  be  then  opened  wWlst  the 
other  is  looking  through  the  Microscope,  the  circle  of  light  includea 
within  the  field  of  view  crossed  by  the  lines  of  the  Micrometer 
be  seen  faintly  projected  upon  the  mle  : and  it  will  be  very  easy  m 
mark  upon  the  latter  the  apparent  distances  of  the  dirisions  on  the 
Micrometer,  and  thence  to  ascertain  the  magnifying  power.  Thus, 
supposing  each  of  the  divisions  of  1-lOOthof  an  inch  to  correspond 
with  1-i  inch  upon  the  rule,  the  hnear  ma^ifymg  power  is  IWf 
diameters : if  it  correspond  with  half  an  inch,  the  inagnityini 
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?Tonnfj"  f^j^eters.  If,  again,  each  of  the  divisions  of  tho 
1-lOOOth  inch  Micrometer  corresponds  to  O'd  of  an  inch  iinnr>  +1.! 
rule,  the  magnifying  iDOAver  is  600  diameters-  and  if 

spend  to  1’2  inches,  the  magnifyino-  power  is  1200  dim  + 
this  mode  of  measurement.  th°e  estimliroTLrf,  of 

^“the  L'o“the  DfafS  scd^Ffo  '’h 

3*  i5~  aase 
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of  each  division  will  hp  ^f  • ^2  tenths,  the  value 

SSSSsSFpaSSii 

tile  adjustment  of  the  ObjectiTe  to  Se  power  produced  in 

covers  the  object.-rar«»«fol^ 

mever  adopted  ly  SSL  XerVerl  “ " 
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PUBPAKATIOK,  MOUNTING,  AND  COLLECTION  OP  OBJECTS. 

164.  Under  this  head  it  is  intended  to  give  an  account  of  those 
Materials,  Instruments,  and  AppHances  of  various  kinds,  which 
have  been  found  most  serviceable  to  Microscopists  engaged  in 
general  Biological  research ; and  to  describe  the  most  approved 
methods  of  employing  them  in  the  preparation  and  mounting 
of  Objects,  for  the  display  of  the  minute  structures  thus  brought 
to  our  knowledge.  Not  only  is  it  of  the  greatest  advantage  that 
the  discoveries  made  by  Microscopic  research  should — as  far  as  pos- 
sible— be  embodied  (so  to  speak)  in  ‘ j^reparations,’  which  shall 
enable  them  to  be  studied  by  every  one  who  may  desire  to  do  so ; 
hut  it  is  now  universally  admitted  that  such  ■ preparations  ’ often 
show  so  much  more  than  can  he  seen  in  the  fresh  organism,  that 
no  examination  of  it  can  he  considered  as  complete,  in  which  the  Jj 
methods  most  suitable  to  each  particular  case  have  not  been  put 
in  practice. — It  must  he  obvious  that  in  a comprehensive  Treatise , 
like  the  present,  such  a general  treatment  of  this  subject  is  all  that » 
■can  be  attempted,  excepting  in  a few  instar''''"  >1 

And  as  the  iUstological  student  can  find  a' 


Author  will  not  feel  it  requisite  to  fumisl 
directions  that  are  readily  accessible  to  hin 


165.  Glass  Slides.— The  kind  of  Glass  best  suited  for  mount! 
objects,  is  that  which  is  known  as  “ f>atent  plate and  it  is  n 
almost  invariably  cut,  by  the  common  consent  of  Microscopists 
this  country,  into  slips  measuring  3 in.  by  1 inch.  For  objects  1 
large  to  be  mounted  on  these,  the  size  of  3 in.  by  1^  in.  may 
adopted.  Such  slips  may  be  purchased,  accurately  cut  to  si 
and  ground  at  the  edges,  for  so  little  more  than  the  cost  of  t 
glass,  that  few  jjersons  to  whom  time  is  an  object,  would  troul 
dhemselves  to  jDrepare  them ; it  being  only  when  glass  slides 
some  unusual  dimensions  are  required,  or  when  it  is  desired 
construct  ‘ built-up  cells’  (§  174),  that  a facility  in  cutting  gk 
with  a glazier’s  diamond  becomes  useful.  The  glass  slides  prepai 
for  use  should  be  free  fi'om  veins,  air-bubbles,  or  other  flaws, 
least  in  the  central  part  on  which  the  object  is  placed ; and  ai 
whose  defects  render  them  unsuitable  for  ordinary  purposes,  shor 


in  the  numerous  Manuals  now  prepared 
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"be  selected  and  laid  aside  for  uses  to  whicli  tlie  workino-  Micro- 
scopist  will  find  no  difficulty  in  putting  them.  As  the  slips  vary 
considerably  in  thickness,  it  will  be  advantageous  to  separate  the 
thin  and  the  tliich  from  those  of  medium  substance.  The  first 
may  be  employed  for  mounting  dehcate  objects  to  be  viewed 
by  the  lugh  powers  with  which  the  Achromatic  Condenser  is  to  be 
used,  so  as  to  avoid  any  unnecessary  deflection  of  the  illuminatino- 
pencil  by  the  thickness  of  the  plate  which  it  has  to  traverse 
beneath  the  object ; the  second  should  be  set  aside  for  the  attach- 
ment of  objects  which  are  to  be  ground-down,  and  for  which, 
•therefore,  a stronger  mounting  than  usual  is  desirable;  and  the 
•third  are  to  be  used  for  mounting  ordinaiy  objects.  Great  care 
> should  be  taken  m washing  the  slides,  and  in  removing  from  them 
. every  trace  of  greasiness  by  the  use  of  a little  soda  or  potass  solu- 
ttion  it  this  should  not  suffice,  they  may  be  immersed  in  the 
s solution  recommended  by  Dr.  Seiler,  composed  of  2 oz.  of  Bichro- 
imate  Potass,  3 fl.  oz.  of  Suljihuric  Acid,  and  25  oz.  of  Water, 
aand  aperwards  thoroughly  rinsed.  (The  same  solution  may  be 
p advantageously  used  for  cleansing  Cover-glasses,  § 132.)  Before 
tthey  are  jiut  away,  the  slides  should  be  wiped  perfectly  dry,  first 
‘ glass-cloth,’  and  afterwards  with  an  old  cambric 
^handkerchief.  And  before  being  used,  each  slide  should  be  again 
-.laretully  mped,  so  as  to  remove  all  adherent  dust.  Where  slides 
:t:hathave  been  already  employed  for  mounting  preparations  are 
i^gam  brought  into  use,  great  care  should  be  taken  in  completely 
■h  -emovmg  all  trace  of  adherent  varnish  or  cement ; first  by  scraping 
care  ]iemg  taken  not  to  scratch  the  glass),  then  by  usihg  an  ap°- 
■oropnate  solvent,  and  then  by  rubbmg  the  slide  with  a mixture  of 
^^^er  alcohol,  benzole,  and  liquor  sodrn,  finishing  with  clean 

i older  Microscopists  were  obliged  to  em- 

covermg  objects  to  be  viewed  with 
e.^Me.s  of  short  focus  : but  this  material,  which  was  in  many  respects 

ho5  employed  for  Objectives  of  exceptioially 

ort  focus  (such  as  1-oOth  or  l-75th  inch),  being  entirely  superseded 
Purposes  by  the  thin  glass  manufactured  by  Messrs. 

E S?  Birmingham  which  may  be  obtained  of  various  degrees 
1 l-50qth  of  an  inch.  This  glass,  beina  un- 

'•  re  ren?ired7^^  Hard  and  brittle  ; and  much  care  and  some  dexterity 

glass  upon  a 

lerebv  plate-glass,  as  its  tendency  to  crack  and  ‘ star’  is 

I^eS^no  W It  rectangular 

r unaccuSmn^pd^L  ^ ® is  required.  The  cutting  of  rounds 

'e  tS  attended  with  so  much  break- 

la^e  them  UTHI  ""  f ^me  to  pur- 

zes  and  siinnW  ^ usually  keep  them  in  several 

•e  usSv  r ^o  order.  The  different  thicknesses 

J d as  1,  2,  and  3 ; the  fir.st  being  used  for  covering 
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objects  to  be  viewed  witb  low  powers,  tlie'  second  for  objects  to  be 
viewed  with  medium  powers ; and  the  third  for  objects  requiiing 
'high  powers.  The  thinnest  glass  is  of  course  most  difficult  to 
handle  safely,  and  is  most  liable  to  fracture  from  accidents  of  various 
kinds  ; and  hence  it  should  only  be  employed  for  the  purpose  for 
which  it  is  absolutely  needed.  The  thickest  pieces,  again,  may  be 
most  advantageously  employed  as  covers  for  large  Cells,  in  which 
objects  are  mounted  in  fluid  (§§  171-174)  to  be  viewed  by  the  low 
powers  whose  performance  is  not  sensibly  affected  by  the  aberra- 
tion thus  produced.  The  working  Microscopist  will  find  it  desira- 
ble to  provide  himself  with  some  means  of  measuring  the  thickness 
of  his  cover-glass  ; and  this  is  especially  needed  if  he  is  in  the  habit 
of  employing  Objectives  without  adjustment,  which  are  corrected 
to  a particular  standard  (§  17).  A.  small  screw-gauge  of  steel, 
made  for  measuring  the  thickness  of  rolled  plates  of  brass,  and 
sold  at  the  Tool-shops,  answers  this  purpose  very  well ; but  Ross’s 
Lever  of  Contact  (Fig.  119),  devised  for  this  express  purpose,  is  in  ; 
many  respects  preferable.  This  consists  of  a small  horizontal  table  i 
of  brass,  mounted  upon  a stand,  and  having  at  one  end  an  arc 
graduated  into  20  divisions,  each  of  which  represents  1-lOOOth  of  ; 

Pig.  119. 


an  inch,  so  that  the  entire  arc  measures  l-50th  of  an  inch  ; at  the  i| 
other  end  is  a pivot  on  which  moves  a long  and  dehcate  lever  of  , 
steel,  whose  extremity  points  to  the  graduated  arc,  whilst  it  has  . 
very  near  its  pivot  a sort  of  projecting  tooth,  which  bears  at  * 
against  a vertical  plate  of  steel  that  is  screwed  to  the  honzonbd  f 
table.  The  piece  of  thin-glass  to  be  rueasured  being  inserts 
between  the  vertical  plate  and  the  projecting  tooth  of  the  lever,  its  i 
thickness  in  thousandths  of  an  inch  is  given  by  the  number  on  i 
the  graduated  arc  to  which  the  extremity  of  the  lever  points. 
Thus,  if  the  number  be  8,  the  thickness  of  the  glass  is  ‘008  or 
l-125th  of  an  inch.*— It  will  be  found  convenient  to  sort  the  covers 
accor^ng  to  their  thicknesses,  and  to  keep  the  sortings  apart,  so  ^ 

• Another  form  of  gfuigo,  in  which  the  measurement  is  obtained  with  gre-it 
precision  and  facility  by  the  sliding  of  a wedge,  is  described  in  the  “ Joum.  oi  , 
the  Eoy.  Microsc.  Soc.,”  Vol.  ii.  (1879),  p.  65.  t 
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tliat  each  may  be  iised  for  the  powers  to  wliich  it  is  the  most  suit- 
able. For  Objectives  whose  angle  of  aperture  is  between  40°  and 
/ o glass  of  -008  is  not  too  thick  ; for  Objectives  of  between  75°  and 
120  of  _ aperture,  the  thickness  may  range  from  'OOG  to  '004  ; but 
for  Objectives  whose  angle  of  aj)erture  exceeds  120°,  and  whose 
iocus  is  less  than  1-lOth  of  an  inch,  only  covers  of  from  '004  to 
•002  should  be  used. 

■ 9^  ficcouut  of  the  extreme  brittleness  of  the  Tliin-glass, 

it  IS  desirable  to  keep  the  covers,  when  cut  and  sorted,  in  sonm  fine 
and  soft  powder,  such  as  Starch.  Before  using  a cover,  however, 
the  i\Bcroscopist  should  be  careful  to  clean  it  thoroughly ; not  merely 
for  the  sake  of  removing  foulness  which  would  interfere  with  the 
view  of  the  object,  but  also  for  the  sake  of  getting  rid  of  adherent 
j starch-giains,  the  jiresence  of  which  might  lead  to  wrong  conclu- 

surface  from  that  slight  greasiness, 

; which,  by  preventing  it  from  being  readily  wetted  by  water,  fre- 
' great  inconvenience  in  the  mounting  of  objects  in 

: fiuid.  The  thicker  pieces  may  be  washed  and  wijied  without  much 
danger  of  fi-acture,  if  due  care  be  employed;  but  the  thinner  re- 
'''fiuiie  much  jirecaution ; and  in  cleansing  these,  a simple  instm- 
iiment  devised  by  Mr.  W.  W.  Jones  will  be  found  very  useful.  This 
f consists  of  a small  tube  of  brass  about  an  inch  in  diameter  and  the 
l3vsa,nm  in  height  (a  stout  pill-box  makes  a good  substitute),  into 

) 
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all  cements  for  closing-in  mounted  objects  of  almost  any  description. 
It  takes  a peculiarly  firm  hold  of  glass  ; and  when  dry  it  becomes  ex- 
treniely  tough,  ■without  brittleness.  When  new,  it  is  very  liquid  and 
‘ runs’  rather  too  freely  ; so  that  it  is  often  advantageous  to  leave  open 
for  a time  the  bottle  containing  it,  until  the  varnish  is  somcAvliat 
thickened.  By  keeping  it  still  longer  with  occasional  exposure  to  air, 
it  is  rendered  much  more  viscid  : and  though  such  ‘ old  Gold-size  is  not- 
lit  for  ordinary  use,  yet  one  or  two  coats  of  it  may  be  advantageously 
laid  over  the  films  of  newer  varnish,  for  securing  the  thicker  covers  of 
large  cells  (§§  171-4).  Whenever  any  other  varnish  or  cement  is  used, 
either  in  making  a cell  or  in  closing  it  in,  the  rings  of  these  should  be- 
covered  with  one  or  two  layers  of  Gold-size  extending  beyond  it  on 
either  side,  so  as  to  form  a continuous  film  extending  from^the  marginal 
ring  of  the  cover  to  the  adjacent  portion  of  the  glass  slide.  i le- 

b.  Asphalte  Varnish.— This  is  a‘ black  varnish  made  by  dissohung  half 
a drachm  of  Caoutchouc  in  mineral  naphtha,  and  then  adding  4 m.  of 
A snhaltum,  using  heat  if  necessary  for  its  solution.  It  is  very  important 
that  the  Asphaltum  should  be  genuine,  and  the  other  materials  of  the 
best  quality.  Some  use  Asphalte  as  a substitute  for  gold-size;  but 
the  Author’s  experience  leads  him  to  recommend  that  it  should  <’my  ® 
employed  either  for  making  shallow  ‘ cement-cells’  (§  17^,  or  for  hnisb- 
ing-oflf  preparations  already  secured  wdth  gold-size.  For  the  former 
purpose  it  may  advantageously  be  slightly  thickened  by  evaporation. 

c JBlaclc  Japan.— The  varnish  sold  >t  the  Colour-shops  tinder  this 
name,  maybe  used  for  the  same  purposes  as  the  preced^g.  When  it  ^ 
used  for  making  ‘ cement-cells,’  the  slides  to  which  it  has  been  applied 
should  be  exposed  for  a time  to  the  heat  of  an  oven,  not  raised  so  high 
as  to  cause  it  to  blister ; this  will  increase  its  adhesion  to  the  glass, 
slide,  and  will  flatten  the  surface  of  the  rings. 

d.  Dammar  Cement,  which  is  made  by  dissolving  giim  dammar  m 
benzole,  and  adding  about  one-third  of  gold-size  has  the  advantage  of 
dryinw  very  quickly;  and  may  be  preferably  used  for  a first  coat  when 


slvcerine  is  used  as  the  material  for  mounting.  i . -j. 

e.  Dell’s  Cement  may  be  recommended  on  the  same  grounds  ; but  it 
runs’  so  freely,  that  for  ordinary  purposes  the  Author  much  prefers 


sold-size  or  dammar 

O 
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f.  Canada  Balsam  is  so  brittle  when  hardened  by  time,  that  it  cannot 
be  safely  used  as  a cement,  except  for  the  special  purpose  of 
hard  specimens  to  glass,  in  order  that  they  may  be  reduced  by  grindmg, 
&c.  Although  fresh  soft  balsam  may  be  hardened  by  heating  f ‘ , 

to  which  the  object  is  to  be  attached,  yet  it  may  be  preferably  tarde°^ 
en  masse  by  exposing  it  in  a shallow  vessel  to 
heat  of  an  oven,  until  so  much  of  its  volatile  oil  hM  been  dr^en 
it  becomes  almost  (but  not  quite)  resinous  on  cooling.  If,  w hen  a drq 
is  spread  out  on  a glass  and  allowed  to  become  quite  cold,  it  is 
be  so  hard  as  not  to  be  readily  indented  by  the  thumb-nail,  and  yet  no1 
so  hard  as  to  ‘ chip,’  it  is  in  the  best  condition  to  be  used 
If  too  soft,  it  wiU Acquire  a little  more  hardening  on  the  slide,  ^ 

it  should  be  transferred  in  the  liquid  state,  being  brought  to  it  by  f 


.. 


* The  Author  has  fluid  preparations  mounted  ‘ 
vears  a<-o,  which  have  remained  perfectly  free  from  leakage  , the  pre 
l.avh.g  been  taken  to  lay  on  afresh  coat  every  two  or  three  yeais. 
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iieat  of  a water-bath  ; if  too  hard,  it  may  be  dissolved  in  chloroform  or 
benzole,  for  use  as  a mounting  ‘ medium’  (§  205). 

(j.  Shell-lac  Cement  is  made  by  keeping  small  pieces  of  picked  Shell-lac 
in  a bottle  of  rectified  spirit,  and  shaking  it  from  time  to  time.  It  can- 
not be  recommended  as  a substitute  for  any  of  the  iireceding ; as,  when 
<lry  and  hard,  it  has  little  hold  on  glass.  But  it  answers  very  well  for 
making  cells  for  dry-mounting  (§  169). — 'What  is  known  as  Liquid-glue  is 
an  inferior  kind  of  the  same  cement,  made  by  dissolving  inferior  shell- 
lac,  or  some  commoner  resin,  in  naphtha.  It  cannot  be  trusted  for  a per- 
manent hold ; and  those  who  employ  it  are  likely  to  find  themselves 
•disappointed  in  regard  to  the  durability  ol  their  preparations.* 

h.  Marine  Glue,  which  is  composed  of  shell-lac,  caoutchouc,  and  naphtha, 
is  distinguished  by  its  extraordinary  tenacity,  and  by  its  power  of  resist- 
ing solvents  of  almost  every  kind.  Different  qualities  of  this  substance 
are  made  for  the  several  purposes  to  which  it  is  ap2Jlied ; and  the  one 
most  suitable  to  the  wants  of  the  Microsco^iist  is  known  in  commerce  as 

0 K 4.  The  special  value  of  this  cement,  which  can  only  be  applied  hot, 
is  in  attaching  to  glass  slides  the  glass  or  metal  rings  which  thus  form 
‘ cells’  for  the  recejJtion  of  objects  to  be  mounted  in  fluid  ; no  other 
cement  being  comparable  to  it  either  for  tenacity  or  for  durability.  The 
manner  of  so  using  it  wiU  be  presently  described  (§  171). 

i.  Various  coloured  Varnishes  are  used  to  give  a finish  to  mounted 
preparations,  or  to  mark  on  the  covering-glasses  of  large  pre^iarations  the 
jiarts  containing  special  kinds  of  noteworthy  structure.  A very  good 
blach  varnish  of  this  kind  is  made  by  working  up  very  finely  powdered 
lamp-black  with  gold-size.  Yor  red,  sealing-wax  varnish  made  by  dissolv- 
ing red  sealing-wax  (the  best  is  alone  worth  using)  in  rectified  S2)irit,  is 
commonly  used  ; but  it  is  very  liable  to  chqj  and  leave  the  glass,  when 
hardened  by  time.  The  red  varnish  sj)ecially  prepared  for  Microscopic 
purposes  by  Messrs.  Thompson  & Capper  (of  Liverpool)  seems  likely 
to  stand  better,  but  the  Authoi’’s  experience  of  it  has  been  short.  For 
white,  ‘ zinc  cement’  answers  well : which  may  be  made  by  dissolving 

1 oz.  of  gum  dammar  in  1 oz.  of  oil  of  turpentine  by  the  aid  of  heat; 
'libbing  up  1 drachm  of  oxide  of  zinc  with  an  equal  quantity  of  oil  of 
turpentine  (adding  the  latter  drop  by  drop)  into  a creamy  mixture 
• perfectly  free  from  lumps  or  grit ; and  then  mixing  the  two  fluids,  which 
must  be  well  stirred  together,  and  strained  through  a piece  of  fine  muslin 
nreviously  Avetted  with  turpentine.  Blue  or  green  jiigments  may  be 

vorked-up  Avith  this,  if  cements  of  those  colours  be  desired. 

1;.  For  attaching  labels  and  covering  papers  to  slides  either  of  glass  or 
^wd,  and  for  fixing-doAvn  small  objects  to  be  mounted  ‘ dry’  (such  as 
? oraminifera,  parts  of  Insects,  &c.),  the  Author  has  found  nothing  pre- 
erable  to  a rather  thick  mucilage  of  Gum  Arabic,  to  which  enough 
I Tlycenne  has  been  added  to  prevent  it  from  drying  hard,  with  a feAv 
Irops  of  some  Essential  oil  to  jirevent  the  development  of  mould.  The 
olloAving  formula  has  also  been  recommended: — Dissolve  2 oz.  of  Gum 
Arabic  in  2 oz.  of  water,  and  then  add  l-4th  oz.  of  soaked  gelatine  (for 
ue  solution  of  which  the  action  of  heat  will  be  required),  .30  drops  of 
J ycenne,  and  a lump  of  camjihor. — The  further  advantage  is  gained  by 

r and  smell  of  the  Hollis’s  Glue  recommended  by  Dr. 

in  on  biibbs,  the  Author  cannot  but  believe  that  its  nature  is  essentially 
imrSijectiin  ordinary  ‘liquid  glue,’  and  that  it  is  therefore  liable  to  the 
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llie  addition  of  a slightly  increased  proportion  'of  Glycerine  to  either  of 
the  foregoing,  that  the  gum  can  be  very  readily  softened  by  water;  so' 
that  covers  may  be  easily  removed  (to  be  cleansed  if  necessary)  and 
the  arrangement  of  objects  (where  many  are  mounted  together,  § 175) 
altered. 

169.  Cells  for  Dry-motinfdncj.— Where  the  object  to  be  mounted 
‘ dry’  {i.e.  not  immersed  either  in  fluid  or  in  any  ‘ medium’)  is  so  tbm 
as  to  require  that  the  cover  should  be  but  little  raised  above  the 
slide,  a ‘ cement-ceir  (§  170)  answers  this  purpose  very  well ; and  it 
the  application  of  a gentle  warmth  be  not  injurious,  the  piessing- 
down  of  the  cover  on  the  softened  cement  will  help  both  to  fix  it, 
and  to  prevent  the  varnish  applied  round  its  border  from  running 
in.  Where  a somewhat  deeper  cell  is  required,  it  can  be  made  m 
the  manner  suggested  by  Prof.  H.  L.  Smith  (U.S.)  specially  for  the- 
mounting  of  Diatoms.  • A sheet  of  thin  writing-paper  dipped  mto 
thick  shell-lac  varnish  is  hung  up  to  dry  ; and  rmgs  are  then  cut 
out  from  it  by  punches  of  two  different  sizes.  One  of  these 
being  laid  on  a glass  slide,  and  the  cover,  with  the  object  dried 
upon  it,  laid  on  the  ring,  it  is  to  be  held  in  its  place  by  the  forceps 
or  spring-clip,  and  the  shde  gently  warmed  so  as  cause  a slight 
adhesion  of  the  cover  to  the  ring,  and  of  the  ring  to  the  shde  ; ^d 
this  adhesion  may  then  be  rendered  complete,  by  laymg  another 
glass  shde  on  the  cover,  and  pressing  the  two  shdes  together,  with 
the  aid  of  a continued  gentle  heat.— Sthl  deeper  cells  maybemadft 
with  rings  punched  out  of  tin-foil  of  various  thicknesses ; and 
cemented  with  shell-lac  vamish  on  either  side.  And  if  yet  deeper  cells, 
are  needed,  they  may  be  made  of  turned  rings  of  vulcanite  or  ebomte, 
cemented  in  the  same  manner. — It  is  always  safer  to  protert  such 
dry  mounts  by  attaching  paper  covers  to  the  shdes ; as  the  ten- 
dency of  the  rings  to  start  at  any_  ‘jar,’  when  the  sheh-lac  .has  re- 
acquired its  resinous  hardness,  is  thereby  greatly  diminished. 
Small  objects,  such  as  Diatoms  and  Polycystina,  wmeh  are  to  be 
viewed  by  Lieberkiihn  illumination  (§  115),  should  be  mounted  on 
disks  punched  out  of  tlhn  black  card-board,  whose  diameter  scarcely 
exceeds  the  field  of  the  Objective  under  which  they  are  to  be  shown; 
and  the  protecting  ceU  should  be  large  enough  to  aUow  an  ample 
opening  for  the  light-rays  to  pass  up  from  the  mirror  to  the  spe- 
cifium,  between  the  inner  edge  of  its  ring  and  the  outer  margin  o 

^^170^  Gement-Gells— Cells  for  mounting  thin  objects  in  any  watery 
medium,  may  be  readily  made  with  Asphalte  or  Black  Japan  var- 
S^by  the  Ise  of  Mr.  Shadbolt’s  ‘ Tuin-table  ’ (§  176)  or  one  of 
its  modifications.  The  glass  slide  being  placed  under  i^s  spnngsd 
in  such  a manner  that  its  two  edges  shall  be  eqmdistant  from  tliej 
centre  (a  guide  to  which  position  is  afforded  by  the  circles  tractxi 

on  the  brass),  and  its  four  corners  equally  projecting  bejmnd 

circular  margin  of  the  plate,  a camel’s  hair  pencil  dipped  m ti  ei 
vamish  is  held  in  the  right  hand,  so  that  its  point  comes  ^ 
tact  with  the  glass  over  whichever  of  the  circles  may  be  selected 
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the  guide  to  the  size  of  the 


T The  turu-table  being  made  to 

lotate  by  the  application  of  the  left  fore-finger  to  the  miUed-head 
beneath,  a rmg  ot  varnish  of  a suitable  breadth  is  made  upon  the 
glass  ; and  it  this  be  set  aside  in  a horizontal  position,  it  will  be 
o^d,  when  hard,  to  present  a very  level  surface.  If  a greater 
nickness  be  desired  than  a single  application  will  conveniently 
make,  a second  layer  may  be  afterwards  laid  on.  It  will  be  found 
convenient  to  make  a considerable  number  of  such  cells  at  once, 
nd  to  keep  a stock  of  them  ready  prepared  for  use.  If  the  surface 

Ko  ^ covering-glass  to 

e flat  upon  it,  a slight  rubbing  upon  a iiiece  of  fine  emery-paper 

it^so^^^°^  ^ downwards)  will  make 

h is  SiVfwf  to  tse~oeS^^  i* 

made  by  cementing 


JFig.  120. 


brings,  either  of  glass  or 
' metal,  to  the  glass  slides, 
ri 'with  marine  fflue.  Glass 


|aare  made  by  cutting 
jttransverse  sections  of 
y thick- walled  tubes;  the 
pOTrfaces  of  these  sections 


ground  flat  and 


parallel.  only  may 

^ "ound_cells(Fig.l20  a,h) 
;-:jf  various  sizes  be  made 
^py  this  simple  method, 
’nt,  by  flattening  the 
■ube  (when  hot)"  from 
vhich  they  are  cut,  the 
ections  may  be  made 
uadrangnlar,  or  square, 
r oblong  (c,  d).  For 
Qtermediate  thicknesses 
'etween  cement  - cells 
nd  glass  ring-cells,  the 
tnthor  has  found  no 
ind  so  convenient  as 
i^ei.riugs  (sold  by  Mr. 


B 


D 


I . o-  JJA.I,  lube-Cells,  Kounci  and  Quadraugiilav. 

n^ntl?  various  thicknesses.  These,  after  being 

■at  by  mbbine  fhonld  have  their  surfaces  made  perfectly 

len  smo^horTL  w ^ corundum-file,  and 

^vers  will^bffound  Ayr  stone ; to  such  surfaces  the  glass 

cn  ? ^ g’^cat  tenacity. 

ni8t  firs^be'heatecron^hp^M^^  are  to  be  attached  to  each  other, 
leated  on  the  Mounting  ifiate;  and  some  small  cuttings  of 
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Alarine  glue  are  then  to  be  placed  either  upon  that  surface  of  the  cell 
which  is  to  be  attached,  or  upon  that  portion  of  the  slide  on  which  it  is 
to  lie,  the  former  being  perhaps  preferable.  When  they  begin  to  melt, 
they  may  be  worked  over  the  surface  of  attachment  by  means  of  a needle 
point;  and  in  this  manner  the  melted  glue  may  be  uniformly  spread, 
care  being  taken  to  pick  out  any  of  the  small  gritty  particles  which  this 
cement  sometimes  contains.  When  the  surface  of  attachment  is  thus 
completely  covered  with  liquefied  glue,  the  cell  is  to  be  taken  up  Avith 
a pair  of  forceps,  turned  over,  and  deposited  in  its  proper  place  on  the 
slide  ; and  it  is  then  to  be  firmly  pressed  down  with  a stick  (such  as  tlie 
handle  of  the  needle),  or  with  a piece  of  fiat  wood,  so  as  to  squeeze  out 
any  superfluous  glue  from  beneath.  If  any  air-bubbles  should  be  seen 
between  the  cell  and  the  slide,  these  should  if  possible  be  got  rid  of  by 
pressure,  or  by  slightly  moving  the  cell  from  side  to  side  ; but  if  their 
presence  results,  as  is  sometimes  the  case,  from  deficiency  of  cement 
at  that  point,  the  cell  must  be  lifted  off  again,  and  more  glue  applied  at 
the  required  spot.  Sometimes,  in  spite  of  care,  the  glue  becomes  hardened 
and  blackened  by  overheating  ; and  as  it  will  not  then  stick  well  to  the 
glass,  it  is  preferable  not  to  attempt  to  proceed,  but  to  lift  off  the  cell 
from  the  slide,  to  let  it  cool,  scrape  off  the  overheated  glue,  and  then 
repeat  the  process.  When  the  cementing  has  been  satisfactorily  accom- 
plished, the  slides  should  be  allowed  to  cool  gradually  in  order  to  secure 
the  firm  adhesion  of  the  glue ; and  this  is  readily  accomplished,  in  the 
first  instance,  by  pushing  each,  as  it  is  finished,  towards  one  of  the 
extremities  of  the  plate.  If  two  plates  are  in  use,  the  heated  plate  may 
then  be  readily  moved  away  upon  the  ring  which  supports  it,  the  other 
being  brought  down  in  its  place,  and  as  the  heated  plate  will  be  some 
little  time  in  cooling,  the  firm  attachment  of  the  cells  will  be  secured. 
If,  on  the  other  hand,  there  be  only  a single  plate,  and  the  operator 
desire  to  proceed  at  once  in  mounting  more  cells,  the  slides  already  com- 
pleted should  be  carefully  removed  from  it,  and  laid  upon  a wooden 
surface,  the  slow  conduction  of  which  will  prevent  them  from  cooling  too 
fast.  Before  they  are  qiiite  cold,  the  superfluous  glue  should  be  scraped 
from  the  glass  with  a small  chisel  or  awl;  and  the  surface  should  then 
be  carefully  cleansed  with  a solution  of  potash,  which  ma}’’  be  rubbed 
upon  it  with  a piece  of  rag  covering  a stick  shaped  like  a chisel.  The 
cells  should  next  be  washed  with  a hard  brush  and  soap  and  water,  and 
may  be  finally  cleansed  by  rubbing  with  a little  weak  spirit  and  a soft 
cloth.  In  cases  in  which  appearance  is  not  of  much  consequence,  and 
especially  in  those  in  which  the  cell  is  to  be  used  for  mounting  large  opaque 
objects,  it  is  decidedly  preferable  not  to  scrape  off  the  ^lue  too  closely 
round  the  edges  of  attachment ; as  the  ‘ hold’  is  much  firmer,  and  the 
probability  of  the  penetration  of  air  or  fluid  much  less,  if  the  immediate 
margin  of  glue  be  left  both  outside  and  inside  the  cell. — To  those  to 
whom  time  is  of  value,  it  is  recommended  that  all  cells  which  require 
Marine-glue  cementing  be  purchased  from  the  dealers  in  Microscopic 
apparatus. 

172.  Plate-Glass  Cells. — ^IVhere  large  sballow  cells  with  flat  bottoms 
are  required  (as  for  mounting  Zooj^iytes,  small  Medmce,  &c.),  they 
may  be  made  by  drilling  holes  in  pieces  of  plate-glass  of  various 
shapes,  and  thicknesses  (Fig.  121,  a),  which  are  then  cemented  w 
glass  slides  with  marine  glue.  By  drilling  two  holes  at  a suitable 
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a<3istance,  and  cut- 
ting out  the  piece 
between  them,  any 
required  elongation 
of  the  cavity  may 
be  obtained  (b,  c, 
n). 

173. _ Sunk  Cells. 
This  name  is 
given  to  round  or 
oval  hollows  exca- 
vated by  gi-inding 
in  the  substance  of 
glass  slides,  which, 
for  this  purpose, 
should  be  thicker 
’than  ordinary. 

Such  cells  have  the 
; advantage  not  only 
' of  comparative 
t cheapness,  but  also 
^ of  durability,  as 
; they  are  not  liable 
tto  injury  by  a sud- 
‘ den  jar,  such  as 
S'  sometimes  causes 
1 the  detachment  of  a 
r cemented  q>late  or 
riing.  For  objects 
'•whose  shape  adapts 
t them  to  the  form 
iand  depth  of  the 
cavity,  such  cells 
'wdl  be  found  very 
■convenient;  thus 
Ithe^  Author  has  a 
’ series  of  young  Co- 
nwiulcB  (Fig.  378) 

'Ausmounted,  which 

ire  extremely  well 
iisplayed,  alike 
their  upper  and 
■ >a  their  under  sur- 
‘aces.  ItnaturaUy 
‘TOests  itself  as  an 
ejection  to  the  use 
>1  such  cells,  that 
■ue  concavity  of 
heir  bottom  must 


Pig.  121. 


Plate-Glass  Cells. 


Fig.  122. 


A 


B 


C 


B 


A 


B 
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so  deflect  the  light-rays,  as  to  distort  or  obscure  the  imago ; but  as 
the  ca-\dty  is  filled  either  with  water  or  some  other  liquid  of  higher 
refractive  power,  the  deflection  is  so  slight  as  to  be  practically 
inoperative.  Before  mounting  objects  in  such  cells,  the  Micro- 
scopist  should  see  that  their  concave  surfaces  are  free  from  scratches 
or  roughnesses. 

174.  Bidlt-uit  Cells. — When  Cells  are  required  of  forms  or  dimen- 
sions not  otherwise  procurable,  they  may  be  huilt-up  of  separate- 
pieces  of  glass  cemented  together.  Large  shdllo^o  Cells,  suitable 
for  mounting  Zoophytes  or  similar  flat  objects,  may  be  easily  con- 
structed after  the  following  method  : — A piece  of  plate-glass,  of  a 
thickness  that  shall  give  the  desired  depth  to  the  cell,  is  to  be  cut 
to  the  dimensions  of  its  outside  wall ; and  a strip  is  then  to  be 
cut-off  with  the  diamond  from  each  of  its  edges,  of  such  breadth 
as  shall  leave  the  interior  piece  equal  its  dimensions  to  the  cavity 
of  the  cell  that  is  desired.  This  piece  being  rejected,  the  four  strips 
are  then  to  be  cemented  upon  the  glass  slide  in  their  original 
position,  so  that  the  diamond-cuts  shall  fit  together  with  the 
most  exact  precision ; and  the  upper  surface  is  then  to  be  groimd 
flat  with  emery  upon  a pewter  plate,  and  left  rough. — The  per- 
fect construction  of  large  deep  cells  of  this  kind  (Eig.  123,  a,  b), 
however,  requires  a nicety  of  workmanship  which  few  amateurs 

possess,  and  the  ex- 
penditure of  more 
time  than  Micro- 
scopists  generally 
have  to  spare ; and 
as  is  it  consequently 
preferable  to  obtain, 
them  ready-made, 
directions  for  mak- 
ing them  need  not 
be  here  given. 

175.  Wooden 
Slides  for  Opapio 
Objects. — Such  ‘dry^ 
objects  as  Forami- 
nifera,  the  capsules 
of  Mosses,  parts  of 
Insects,  and  the 
like,  may  be  conveniently  mounted  in  a very  simple  form  of  wooden 
slide  (first  devised  by  the  Author  and  now  come  into  general  use), 
which  also  serves  as  a protective  ‘ cell.’  Let  a number  of  sUps  of 
mahogany  or  cedar  be  provided,  each  of  the  3-inch  by  1-inch  size, 
and  of  any  thickness  that  may  be  found  convenient,  with  a corre- 
sponding number  of  slips  of  card  of  the  same  dimensions,  and  of 
pieces  of  dead-black  paper  rather  larger  than  the  aperture  of  the 
slide.  A piece  of  this  paper  being  gummed  to  the  middle  of  the 
card,  and  some  stiff  gum  having  been  j)reviously  siiread  over  onia 
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side  of  the  wooden  slide  (care  being  taken  that  there  is  no  snper- 
huity  of  it  immediately  around  the  aperture),  tliis  is  to  be  laid 
down  upon  the  card,  and  subjected  to  pressure.*  An  extremely 
neat  ‘ cell’  mil  thus  be  formed  for  the  reception  of  the  object  (Fig. 
124),  the  depth  of  which  will  be  determined  by  the  thickness  of  the 
slide,  and  the  diameter  by 
the  size  of  the  perforation ; 
and  it  will  be  found  conve- 
nient to  provide  slides  of  va- 
rious tliicknesses,  with  aper- 
tures of  different  sizes.  The 
ceU  should  always  be  deep 
enough  for  its  wall  to  rise 
above  the  object  ;•  but,  on  the 
other  hand,  it  should  not  be  too  deep  for  its  walls  to  interfere  with 
the  oblique  incidence  of  the  bght  upon  any  object  that  may  be  near 
its  periphery.  The  object,  if  flat  or  small,  may  be  attached  by  Grum- 
mucilage  (§  168  h) ; if,  however,  it  be  large,  and  the  part  of  it  to  be 
attached  have  an  irregular  surface,  it  is  desirable  to  form  a ‘ bed 
to  this  by  gum  thickened  with  starch.  If,  on  the  other  hand,  it 
should  be  desired  to  mount  the  object  edgeways  (as  when  the 
mouth  of  a Foraminifer  is  to  be  brought  into  view),  the  side  of  the 
object  may  be  attached  with  a little  gum  to  the  wall  of  the  cell. 
The  complete  protection  thus  given  to  the  Object  is  the  great  recom- 
mendation of  this  method.  But  this  is  by  no  means  its  only^  con- 
venience. It  allows  the  slides  not  only  to  range  in  the  ordinary 
■ Cabinets,  but  also  to  be  laid  one  against  or  over  another,  and  to  be 
packed  closely  in  cases,  or  secured  by  elastic  bands ; which  plan  is 
' extremely  convenient  not  merely  for  the  saving  of  space,  but  also 
:for  preserving  the  objects  from  dust.  Should  any  more  special 
j protection  be  required,  a thin  glass  cover  may  be  laid  over  the  to^J 
^•of  the  cell,  and  secured  there  either  by  a rim  of  gum  or  by  a per- 
p forated  paper  cover  attached  to  the  slide ; and  if  it  should  be 
I'.desired  to  pack  these  covered  slides  together,  it  is  only  necessary 

i^to  interpose  guards  of  card  somewhat  thicker  than  the  glass  covers. 
176.  Turn-table. — This  simple  instrument  (Fig.  125),  devised  by 
Mr.  Shadbolt,  is  almost  indispensable  to  the  Microscopist  who 
lesires  to  preserve  preparations  that  are  mounted  in  any  ‘ medium’ 
oeneath  circular  covers  ; since  it  not  only  serves  for  the  making  of 
lihose  ‘ Cement-cells’  (§  170)  in  which  thin  transparent  objects  can 
oe  best  mounted  in  any  kind  of  ‘ medium,’  but  also  enables  him  to 
I ipply  his  varnish  for  the  securing  of  circular  cover-glasses  not  only 
vith  greater  neatness  and  quickness,  but  also  with  greater  certainty 

*■  It  will  bo  found  averj'’  convenient  plan  to  prepare  a large  inunber  of  such 
■lides  at  once  : and  this  may  be  done  in  a marvellously  short  time,  if  the  slips, 
f card  have  been  previously  cut  to  the  exact  size  in  a bookbinder’s  press, 
'.'he  slides,  when  put  together,  should  bo  placed  in  pairs,  back  to  back;  and 
■ve^  pair  should  have  each  of  its  ends  embraced  by  a Spring-press  (Fig.  129). 
niiil  dry. 


Fig.  124. 


Wooden  Slide  for  Opaque  Objects. 
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than  he  can  by  the  hand  alone.  As  the  method  of  nsing  it  for  the 
hitter  purpose  is  essentially  the  same  as  that  already  described 

Fig.  125. 


Fig.  126. 


Sliadbolt’s  Turn-table  for  making  Cement- Cells, 
under  the  former  head,  it  need  not  be  here  repeated ; the  only 
special  precaution  to  be  observed,  being  that  the  cover-glass,  not 
the  slide,  should  be  ‘ centred which  can  be  readily  done,  if  several 
■concentric  circles  have  been  turned  on  the  rotating- table,  by  making 
the  cover-glass  correspond  ■with  the  oneha'vdng  its  own  diameter. — A 
nnmber  of  ingenious  modifications  have  been  de'visedin  this  simple 
instrument,  ■with  the  ■view  of  securing  exact  centering  ; the  simplest 
of  them  (wliich  has  the  advantage  of  being  applicable  at  a trifling 
expense  to  any  existing  turn-table)  being  that  of  Mr.  C.  S.^Rolfe.* 
But  as  it  is  often  requisi'te  to  use  this  instniment  "with  slides  not 
accurately  cut  to  size  and  shape,  or  of  greater  breadth  than  the 
‘ regulation’  1-inch,  the  Author  is  disposed  to  prefer  the  form  de'vised 
by  Mr.  Dunning'l'  (Pig.  126).  The  circular  table,  made  rather 

thicker  than  usual,  has  a 
dovetail  groove  ploughed 
out  across  its  diame^ter,  in 
which  work  two  sliding 
guides  A,  A,  the  ends  of 
which  are  cut  and 
‘ sprung,’  so  as  to  have 
a sufficiently  firm  hold. 
These  guides  carry  the  two 
clips  B,  B ; one  of  which 
is  fixed  at  right  angles  to 
its  guide,  whilst  the  other 
is  pivotted,  in  order  that 
it  may  adjust  itself  'to 
any  irregularity  in  the 
form  of  the  sHde. — llTien. 
Cement -cells  are  being 
made  either  with  this  or 
the  ordinary  Turn-table, 
it  is  convenient  to  mark 
Dimumg’s  Turn-table.  centre  of  eaoh  slide 

with  a dot  of  ink  on  its  under  surface ; this  may  be  easily  applied  j 
in  its  right  place  by  laying  on  it  a slip  of  card  cut  to  the  regulation 

* “Journal  of  the  Quekett  Microscopical  Club,”  Vol.  v.,  p.  249. 
t Op.  cit.,  Vol.  vi.,  p.  81. 
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size,  mth  a small  central  perforation ; and  by  so  laying  down  the 
slide  that  the  dot  lies  on  the  centre  of  the  rotating  plate,  much 
trouble  may  afterwards  be  saved. 

177.  PZrt*  and  TFaA>r-i?«//,,. -Whenever  heat  has  to  be 

apphecl  either  in  the  cementing  of  OeUs  or  in  the  mounting  of  Ob- 
jects, it  IS  desirable  that  the  sHde  should  not  be  exposed  direct  to 
the  flame,  but  that  it  should  be  laid  upon  a surface  of  regulated 
temperature.  As  cementing  with  Marine  Glue  or  hardened  Canada 
Balsam  lequires  a heat  above  that  of  boiling  water,  it  must  be 
supplied  by  a plate  of  metal ; and  the  Author’s  experience  leads 
him  to  recommend  that  this  should  be  a piece  oFiroTZt^t 
than  SIX  inches  square  and  half  au  inch  thick ; and  that  it 

p ■f’  "f  -1  ^ ^ of  its  own,  but  on  the  rino- 

of  a Eetort-stand,  so  that  by  raising  or  lowering  the  ring,  any 
desired  amount  of  heat  may  be  imparted  to  it  by  the  lamp  or  o-as^ 
flame  beneath.  The  advantage  of  a plate  of  this  size  and  tfdckSess 
consists  in  the  gradational  temperature  which  its  diff-erent  parts 
slowness  of  its  cooling  when  removed  froi  the 

cemented  at  once,  it  is  con- 
vement  to  have  two  such  plates,  that  one  may  be  cooling  while  the 
otW  IS  being  heated.-The  Eetort-stand  also  serves  fbr  the  su7> 
port  of  the  Water- Bath,  wliich  affords  the  heat  required  for  houefv- 
ing  and  mixing  the  fats  employed  in  the  imbedding  process  (S  189) 

other  media  useYin  moitiut 
' ^ 1 7.  . ^S;iiety  of  _ other  purposes.  A circular-bottomed  flat  tm 

• that  of  diameter  and  2^  inches  deep,  with  a handle  hke 

thatof  a sancepan,  and  two  covers,— one  aflat  plate  of  8 inches 
^ square  (its  edges  guarded  by  being  turned  over  wire)  for  slides  to  lie- 
> upon,  havmg  a hole  large  enough  to  admit  a small  bottle  of  cement 
. or  me(hi™,-the  other  fitting  the  vessel,  but  with  an  openinSSe 
t enough  for  a j^rcelam  basin,— will  answer  every  purpose.  ^ ^ 

shVlP^'  Spnng-Glip,  and  Sjji’ing. Press. —For  holdino- 

' apphed,  especially  while  cementino- 

llSSt  fFS  w if W sections,  the  wooden  8Uder^ 

ceps  ig.  127)  will  be  found  extremely  convenient.  This,  by  its 

Fig.  127. 


Sli(ler-F  creeps. 

secure  _gi-asp  to  a slide  of  any  ordinary  thick- 
f separated  by  pressure  upon  the  brass 

hncthf  of  thp^bllT®''  piece  of  brass  at  the 

hnf  wBn  affords  a level  support  to  the  forceps,  which 

Eus,  while  resting  upon  the  table,  keepi  the  heated  glass  from 
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Fig.  128. 


Spriug-Clip. 


Fig.  129. 


■contact  with  its  surface.  For  holding-down  cover-glasses  whilst 
the  balsam  or  other  medium  is  cooling,  if  the  elasticity  of  the 

object  should  tend  to  make  them 
spi-ing-up,  the  mre  Spring-Clip 
(Fig.  128),  sold  at  a cheap  rate  by 
dealers  in  Microscopic  aiiparatus, 
will  be  found  extremely  conve- 
nient. Or,  if  a stronger  pressure 
be  required,  recourse  may  be  had. 
to  a simple  Spring-Press  made  by 
a slight  alteration  of  the  ‘ Ame- 
rican clothes  peg’  which  is  now  in 
general  nse  in  this  country  for  a 
variety  of  purposes ; aU  that  is 
necessary  being  to  rub  down  the  ojiiDOsed  surfaces  of  the  ‘ clip’ 
with  a flat  file,  so  that  they  shall  be  parallel  to  each  other  when 

an  ordinaiy  shde  with 
its  cover  is  interposed  be- 
tween them  (Fig.  129). 
One  of  these  convenient 
little  implements  may  also- 
be  easily  made  to  serve 
the  purpose  of  a Shder- 
forceps,  by  cutting  back 
the  upper  edge  of  the  cHp, 
and  filing  the  lower  to 
such  a i^lane,  that  when 
it  rests  on  its  flat  side,  it  shall  hold  the  slide  parallel  to  the  snrface 
of  the  table,  as  in  Fig.  127. 

179.  Mounting  Instrument — A simple  mode  of  applying  gradu- 
ated pressure  concurrently  with  the  heat  of  a lamp,  which  will 
be  found  very  convenient  in  the  mounting  of  certain  classes  of 
objects,  is  afforded  by  the  Mounting  instrument  devised  by  3Ir. 
J ames  Smith.  This  consists  of  a plate  of  brass  turned  up  at  its 
edges,  of  the  proper  size  to  allow  the  ordinary  glass  shde  to  lie 
loosely  in  the  bed  thus  formed;  this  plate  has  a large  perforation 
in  its  centre,  in  order  to  allow  heat  to  be  directly  appHed  to  the 
slide  from  beneath  ; and  it  is  attached  by  a stout  wire  to  a handle 
(Fig.  130).  Close  to  this  handle  there  is  attached  by  a joint  an 

Fig.  130. 


Sraitli’8  Mounting  Instrument. 

upper  wire,  which  lies  nearly  parallel  to  the  first,  but  makes  a 
■downward  turn  just  above  the  centre  of  the  slide-plate,  and  is  termi- 
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uated  by  an  ivory  knob ; this  wire  is  i^ressed  ujDwards  by  «, 
spring  beneath  it,  whilst,  on  the  other  hand,  it  is  made  to  approxi- 
mate the  lower  by  a milled-head  turning  on  a screw,  so  as  to  bring 
its  ivory  knob  to  bear  with  greater  or  less  force  on  the  covering 
glass.  The  special  use  of  this  arrangement  will  be  explained  here- 
after (§  210). 

180.  Dissecting  Apparatus. — The  mode  of  making  a dissection 
for  Alicroscopic  purposes  must  be  determined  by  the  size  and  cha- 
racter of  the  object.  Generally  speaking,  it  will  be  found  advan- 
tageous to  carry  on  the  dissection  under  Water,  with  which  Alcohol 
should  be  mingled  where  the  substance  has  been  long  immersed  in 
spirit.  The  size  and  depth  of  the  vessel  should  be  proportioned  to 
the  dimensions  of  the  object  to  be  dissected;  since,  for  the  ready 
access  of  the  hands  and  dissecting-instruments,  it  is  convenient  that 
the  object  should'neither  be  far  from  its  walls,  nor  lie  under  any 
great  depth  of  water.  Where  there  is  no  occasion  that  the  bottom 
of  the  vessel  should  be  transparent,  no  kind  of  Dissecting  trough  is 
more  convenient  than  that  which  every  one  may  readily  make  for 
himself,  of  any  dimension  he  may  desire,  by  taking  a piece  of  sheet 
Gutta-percha  of  adequate  size  and  stoutness,  warming  it  sufficiently 
to  render  it  flexible,  and  then  turning-up  its  four  sides,  drawing 
out  one  corner  into  a sort  of  spout,  which  serves  to  j)our  away  its 
. contents  when  it  needs  emptying.  The  dark  colour  of  this  sub- 
sstance  enables  it  to  furnish  a back-ground,  which  assists  the 
■observer  in  distinguishing  delicate  membranes,  fibres,  &c.,  espe- 
iCially  when  magnifying  lenses  are  employed;  and  it  is  hard 
I enough  (without^  being  too  hard)  to  allow  of  pins  being  fixed  into 
l it,  both  for  securing  the  object,  and  for  keeping  apart  such  portions 
;ias  it  is  useful  to  put  on  the  stretch.  When  glass  or  earthenware 
t troughs  are  employed,  a piece  of  sheet-cork  loaded  with  lead  must 
’■•be  provided,  to  answer  the  same  purposes.  In  carrying-on  dis- 
oections  in  such  a trough,  it  is  frequently  desirable  to  concentrate 
iidditional  light  upon  the  part  which  is  being  ojierated-on,  by 
means  of  the  smaller  Oondensing-lens  (Fig.  86) ; and  when  a low 
! nagnifying  power  is  wanted,  it  may  be  supplied  either  by  a single 
'■ras  mounted  after  the  manner  of  Boss’s  Simple  Microscope 
IFig.  31,  b),  or  by  a pair  of  Spectacles  mounted  with  the  ‘semi- 
senses  ordinarily  used  for  Stereoscopes.*  , Portions  of  the  body 
rinder  dissection  being  floated-off  when  detached,  may  be  conve- 
r iiently  taken  up  from  the  trough  by  placing  a slip  of  glass  beneath 
: hem  (which  is  often  the  only  mode  in  which  delicate  membranes 
an  be  satisfactorily  spread  out);  and  may  be  then  placed  under 
he  Microscope  for  minute  examination,  being  first  covered  with 

recommend  these  Spectacles,  as  useful  in  a groat 
?wer^w  performed  under  a low  magnifying 

cS^n^v  r eyes.-Where  a higher  power  is  needed, 

bocular  deck's  3-inoh  Achromatic 

sect  KteS  constructed  on  the  same  principle,  allowing  the 

without  roquiriig  4 iucomforUlo 
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thin  glass,  beneath  the  edges  of  which  is  to  be  introduced  a 
little  of  the  liquid  wherein  the  dissection  is  being  carried-on. 
Where  the  body  under  dissection  is  so  transparent,  that  more 
advantage  is  gained  by  transmitting  light  through  it  ^^^u  by 
looting  at  it  ai  an  opaque  object,  the  trough  shnuld  have  a glass, 
bottom ; and  for  this  pur]iose,  unless  the  body  be  of  ® t ’ 

some  of  the  Glass  Cells  already  described  (Figs.  121-123)  will 
usually  answer  very  well.  The  finest  dissections  may  often  be 
best  made  upon  ordinary  slips  of  glass ; care  being  taken  to  keep, 
the  object  sufficiently  surrounded  by  flnid.  _ 

no  simple  instrument  is  more  generally  ser^ceable  than  the  LabOTa- 
tory  Dissecting  Microscope  (Fig.  35),  which  ^^11  carry  any  power 
from  a 3-inch  to  a l-4th  inch ; whilst  the  Stephenson  Erectmg 
Binocular  (Fig.  47)  may  be  used  with  the  hke  supports  for  the- 

hands,  when  a higher  power  is  prefeiTed.  ^ 

181  The  Instalments  used  in  Microscopic  dissection  are  for  the- 
most  part  of  the  same  kind  as  those  which  are  needed  m ordinary 
minute  Anatomical  research,  such  as  scalpels,  scissors,  forceps, 
&c. ; the  fine  instruments  used  in  operations  upon 
ever,  will  commonly  be  found  most  suitable.  .A  pair  of  delicate 
Scissors,  curved  to  one  side,  is  extremely  convenient  for  cutting  open 
tubular  parts ; these  should  have  their  pomts  blunted  ; but  other 


Fig.  131. 


Sprmg-Scissors. 

scissors  should  have  fine  ^ ll^ht  h^ffie^^d 

Scissors  fFiff  131),  one  leg  of  which  is  fixed  in  a fight  fianme,  ana 

the  other  kept  apart  from  it 

sure  of  the  iingel  aad  to  open  of  itself,  wiU  be  found  (J  the  bMes 
be  well  sharpened)  much  superior  to  any 

through  defioate  tissues  with  as  little  <iirt”rbau“  « “ 

nossible.-A  pair  of  small  straight  Forceps  with  flue  pomte  ana 

She?  pair  5f  curved  forceps,  will  be  found  useful  in  addition  to 

the  ordinary  dissecting  forceps.  ripU,,of,p.  dissections, 

182.  Of  all  the  instraments  contnved  for  delicate  ^secti  , 

however,  none  are  more  serviceable  than  those  whic 

. The  handles  of  Orochet-ncedle^^^^^^^^ 

pui-pose  ; and  although  they  afford  the  of  le  ^ reserve  store  of 

the  acting  point  of  the  needle  at  deci^ly  recommend  the  nso 

offfie  woUerhSet^^^^^^^^^  it  will  be  foimd  convenient  always  to  have- 
slveral  at  hand,  mounted  with  needles  of  different  sizes. 
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•cupine-quills,  will  answer  extremely  well),  in  sircli  a manner  that 
their  points  sliouhl  not  jiroject  far,*  since  they  will  otherwise  have 
too  much  ‘spring;’  much  may  be  done  by  their  mere  tearing  action 
but  if  it  be  desired  to  use  them  as  oitting  instruments,  all  that  is 
necessary  is  to  harden  and  teinjier  them,  and  then  give  them  an 
edge  upon  a hone.  It  will  sojuetimes  be  desirable  to  give  a finer 
point  to  such  needles  than  they  originally  j^ossess  ; this  also  may 
be  done  upon  a hone.  A needle  with  its  point  bent  to  a right  angle, 
of-  nearly  so,  is  often  useful ; and  this  may  be  shaped  by  simpl}'- 
heating  the  point  in  a lamp  or  candle,  giving  to  it  the  required  turn 
with  a pair  of  pliers,  and  then  hardening  the  point  again  by  re- 
heating it  and  plunging  it  into  cold  water  or  tallow. 

183.  Section-entting. — The  young  Microscopist  -will  do  well  to 
practise  the  cutting  of  thin  Sections  of  soft  Vegetable  and  Animal 
substances  with  a sharji  Razor : considerable  practice  is  needed, 
however,  to  make  effectual  use  of  it ; and  some  individuals  acquire 
a degree  of  dexterity  which  others  never  succeed  in  attaining.  T'he 


making  of  hand-sections  \rill  be  greatly  facilitated  by  the  previous 
use  of  the  hardening  and  imbedding  processes  to  be  hereafter  de- 
scribed (§§  189,  199) ; but  the  best  of  them  rarely  equal  good 
sections  cut  by  a Microtome. — For  the  preliminary  examination  of 
structure,  such  a pair  of  Scissors  as  is  represented  in  Fig. 
^vill  often  be  found  very  useful ; since,  owing  to  the  curvature 
or  the  blades,t  the  two  extremities  of  a section  taken  from  a flat 
surface  will  generally  be  found  to  thin  away,  although  the  middle 
^ it  may  be  too  thick  to  exhibit  any  structure.  The  two-bladed 
Jvnile  contrived  by  Prof.  Valentin  was  formerly  much  used  for 


Curved  Scissors  for  Cutting  Thin  Sections. 


I*  — ,,  D.i  j,  {.vfu  ucn  sur  le  piat^ 
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cutting  microscopic  sections  of  soft  tissues  : But  as  such  sections 
can  be  cut  far  more  effectively  by  the  methods  to  be  presently  de- 
scribed, a mere  mention  of  this  instrument  will  here  suffice. 

184.  Microtome. — There  is  a large  class  of  substances,  of  moderate- 
hardness,  both  Animal  and  Vegetable,  of  which  extremely  thin  and 

uniform  slices  can  be- 
Fig.  13".  made  by  a sharp-cut- 

ting instmment,  if 
they  be  properly  hdd 
and  supjiorted,  and  the- 
thickness  of  the  sec- 
tion be  regulated  Vjy 
a mechanical  contri- 
vance; such  are,  in 
particular,  the  Stems 
and  Eoots  of  Plants, 
and  the  Homs,  Hoofs. 
Cai-tilages,  and  simi- 
larly firm  stractures 
of  Animals.  Various 
costly  machines  have 
been  devised  for  this 
purpose,  some  of  them 
characterized  by  grea.t 
ingenuity  of  contri- 
vance and  beauty  of 
workmanship ; butmost 
of  the  purposes  to  which  these  are  adapted  wiU  be  found  to  be 
answered  by  a very  simple  and  inexpensive  little  instrument,  wliich 
may  either  be  held  in  the  hand,  or  (as  is  preferable)  may  be  firmly 
attached  by  means  of  a T-shaped  piece  of  wood  (Fig._133),  to  the 
end  of  a table  or  work-bench.  This  instimment  essentially  consists 
of  an  upright  hollow  cylinder  of  brass,  with  a kind  of  piston  winch 
is  pushed  from  below  upwards  by  a fine-threaded  or  ‘ micrometer 
screw  turned  by  a large  milled-head ; at  the  upper  end  the  cylinder 
temiiuates  in  a brass  table,  which  is  planed  to  a flat  surface,  or 
(which  is  preferable)  has  a piece  of  jdate-glass  cemented  to  it,  to 
form  its  cutting  bed.  At  one  side  is  seen  a small  milled-hcM, 
which  acts  upon  a ‘ binding  screw,'  whose  extremity  projects  into 
the  cavity  of  the  cylinder,  and  serves  to  compress  and  steady  any- 
thing that  it  holds.  For  this  is  now  generally  substituted  a imr 
of  screws,  working  through  the  side  of  the  cylinder,  as  in  Fig.  l-t- 
A cylindrical  stem  of  wood,  a piece  of  hom_,  whalebone,  cartilage, 
ifec..  is  to  be  fitted  to  the  interior  of  the  cylinder  so  as  to  project  a 
little  above  its  top,  and  is  to  be  steadied  by  the  ‘ binding  screw; 
it  is  then  to  be  cut  to  a level  by  means  of  a sharp  knife  or  razor 
laid  flat  upon  the  table.  The  large  milled-head  is  next  to  be 
throuo-h  such  a portion  of  a turn  as  may  very  slightty  elevate  tnc 
substance  to  be  cut,  so  as  to  make  it  project  in  an  almost  inscn- 


SIMPLE  MICliOTOilE. — llAILES’S  MICIiOTOME.  227 

siblc  i-legree  above  the  table,  and  this  projecting  part  is  to  be  sliced 
oh  with  a knife  pre^^ously  dipped  in  water.  For  many  purposes 
an  ordinary  razor  will  answer  sufficiently  well;  but  thinner  and 
more  uniform  sections  can  be  cut  by  a special  knife,  having  its  edo-e 

imi’fnn.!  Concave,  and  its  back  with\ 

imifoiTO  thickness  oi  rather  less  than  l-4th  inch.  Such  a knife 

should  be  4 or  o inches  long,  and  7-8ths  inch  broad;  and  should 
le  set  in  a box- wood  handle- about  4 inches  long  (Dr.  S.  Marsh) 
-he  motion  given  to  its  edge  should  be  a combination  of  drawina 

madlliTw^fr  sections  are 

M’hen  operator,  than  towards  him). 

+b^  n ^een  thus  taken  off,  it  should  be  removed  from 

•Lh  f mto  water,  or  by  theoseofa  oameblaS 

’ 4-^r  ^^l^fhead  should  be  again  advanced,  and  another 
section  taken  : and  so  on.  Different  substances  will  be  found  both 

iLuJ  tb“,t  thiokneea;  and  tie  ' 

amount  that  suits  each  can  only  be  found  by  trial.  It  is  advan- 

i^tlT  milled-head  graduated,  and  furnished 

a fixed  index ; so  that  this  amount  having  been  once  deter 

imned,  the  screw  shall  be  so  turned  as  to  always  proXce  the  exact’ 
devation  reqmred.-AVhere  the  substance  of  which  it  is  deffired  to 
obtain  sections  by  this  instrument  is  of  too  small  a size  or  of  too 
soft  a texture  to  be  held  firmly  in  the  manner  ^rst  SsciVed  il 

max  be  placed  between  the  two  vertical  halves  of  a cork  of  suitable 
it  pressed  mto  the  cyhnder;  and  the  cork,  with  the  obiect 

t ^lasps,  IS  then  to  be  sliced  in  the  manner  already  described  the 

carefully  taken-off  the  knifb  or 

| rioated-away  from  it  on  each  occasion,  to  prevent  it  from  beini 

■ VertffiaufctioVs''S®^^'®  removed  at  the  same  time^ 

■ LzztiA: 

of'canot  ir  elXV^^^  half-cylinders 

oi?‘hS”rSve?^^^^^^^  foregoing  simple  form  of  Micro- 

letail  withm^f  /y?’  ^ various  hands,  numerous  modifications  of 
• chiefs  construction. 

>y  the  screw  a? the  Lh  '"  ^c^^d-on 

I'o  relay  at  t 

l^bodyto'bf  cult 

iitting-bed  formed  bv  the  ^ig,  134  (i,  2).  The 

ardened  S on  whieb  ^ provided  with  two  slips  b of 
r razorelSrs  horizo^  .«rdmary  section-cutting,  the'  knife 
1C  addition  shown  int  ^J’  the  ordinary  Microtome.  But  by 
dapted  for  cuttinrr  -(-•  nineiit  can  also  be  effectively 

I cutting  thin  sections  of  substances  hard  enough  to 

q 2 
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require  the  use  of  the  saw.  At  the  back  of  the  cutting-bed,  there 
can  be  secured  (by  means  of  a screw  and  steadying-pins)  a metal 


Fig.  134. 


llailes’s  Microtome. 

The  two  Tipper  figures  show  the  instrument  Cl)  as  seen  from 
the  side,  (2)  as  seen  in  section:— A,  oiiter  cylinder, carrjdng upper 
flange  13,  ou  whose  surface  lie  two  strips  of  hard  steel,  h,  b ; tins 
flange  is  fixed  to  the  bar  G,  which  carries  a clamp  and  screw  tbr  at- 
taching the  Microtome  to  a table ; in  the  sectional  figure  (2)  is 
seen  the  inner  tube  c,  within  which  the  substance  to  be  cut  is 
fixed  by  the  two  binding  screws  c,  c,  which  work  through  a slot 
in  the  outer  cylinder;  to  the  bottom  of  the  inner  tube  is  fixed  a 
block  D,  through  which  works  the  micrometer-screw  K,  tunied  by 
the  milled-head  e iu  the  bracket  r attached  to  the  bottom  of  the 
outer  cylinder,  and  having  a graduated  collar/. 

The  two  lower  figures  show  the  additional  Saw -guide,  seen 
from  the  side  at  3,  and  from  above  at  4 : — metal  block  with  a 
screw  to  secure  it  on  cutting-bed  ; i>*,  steel  guides. 


block,  ¥,  which  carries  two  guides  h^,  of  hard  steel ; aud  these, 
when  thus  attached,  lie  over  the  two  similar  strips  fixed  on  the 
cuttinu-bed.  By  passing  the  blade  of  a fine  saw  between  the 
movable  guides  and  the  fixed  strips,  and  screAving  down  the  forniei 
(which  are  raised  by  a spring)  as  far  as  will  confine  the  sau  vit 

out  impeding  its  working,  sections  of  Bone,  Teeth,  &c.,  maj  be  c 
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;is  tliiu  as  the  nature  of  the  substance  will  allow,  and  with  a uni- 
fonmty  that  \nthout  such  guidance  cannot  be  attained. — When 
the  Microtorne  is  employed  for  this  last  purj^ose,  the  saw  may  be 
most  conveniently  worked  vertically ; and  tliis  is  readily  done  by 
detaching  the  instrument  from  the  table,  and  holding  it  down  upon 
its  clamp-side,  which  is  so  shaped  as  to  aiford  a level  support. 

known  as  the  Strasburg  Microtome,  invented  by 
i lot.  bchieiierdecker,  the  substance  to  be  cut  is  in  the  cylinder 
by  binding-screws,  while  the  circular  cutting-bed,  instead  of  being 
xed  on  the  ujDj^er  end  of  the  cylinder,  is  made  to  screto  upon  it,  so 
as  to  be  raised  or  lowered  by  turning  it  round.  Thus,  after  a sec- 
tion  has  been  taken,  a slight  lowering  of  the  cutting-bed,  measured 
g^J^i’-^ation  of  its  naargin,  prepares  it  for  the  cutting  of  the 
next.j  I he  simplicity  of  this  instrument,  which  is  made  to  be 
field  in  one  hand  whilst  the  section  is  cut  with  the  other,  is  its 
great  recommendation. 

187.  Imbedding  and  Freezing  Microtomes. — For  making  thin 
sections  ot  soft  tissues,  however,  preference  is  now  generally  given 
o iDcrotoines  in  which  the  substance  to  be  cut  is  so  imbedded  in 
some  material  that  fills  the  cylinder,  that  it  does  not  need  to  be 
n.xea  by  binding-screws,  being  pushed  upwards  by  the  action  of  the 
micromeuer-screw  beneath  upon  the  imbedding  plug.  This  pluo- 
may  be  either  a cyhnder  of  carrot,  turnip,  potato  or  elder-]Dith,  cut 
to  lit  the  well  of  the  Microtome,  and  excavated  to  receive  the  sub- 
stance to  be  cut ; or  it  may  be  a cast  of  the  interior,  made  either  by 
pouring  into  it  paraffine  or  some  similar  substance  liquefied  by 
ea  (§  189),  or  by  filhng  it  with  thick  gum-mucilage  which  is  then 
rendereddense  by  cold  (§  191).  The  latter  plan  was  first  devised 
oy  rrot.  Kutherford,_  whose  Freezing  Microtome,  in  which  the 
upper  part  of  the  cyhnder  is  surrounded  by  a well  filled  with  a 
treezmg-mixture,  has  now  come  into  general  use.— The  substitution 
or  eper-spray  tor  ice-congelation  was  suggested  by  Mr.  Sevan 
•lewis ; and  an  improved  model,  which  can  be  used  either  as  a 
reezing  or  as  an  Imbedding  Microtome,  has  been  devised  by 
Ingenious  method  of  so  attaching  the  cutting- 
mnv-o  ^ parallel-motion,  as  to  make  its  edge  at  the  same  time 
Wn  and  transversely  to  the  plane  of  section,  has 

Prof  Seiler  of  Philadelphia,  and  has  found  much 
country  as  in  the  United  States.f 
Microtome.— For  the  cutting  of  very  thin  sec- 

tacreoimlviiwr/F®''  subtances  which  ma/ be  advan- 

in  paraffine  or  some  other  hard  fat  (§  189),  no 

which^rtnn  represented  in  Fig.  135, 

'I'liis  has  fnr  the  Leipsig  ’ or  ‘ Eivet-Leiser  ’ Microtome, 

•ns  has  for  its  base  an  oblong  solid  metal  plate,  from  which  rises 

* "'Quart.  Journ.  of  Microsc 


«v/uiu.  oi  .ulcrosc.  Scionco,”  Vol  xvii  ('1877'>  n 

T Jouui.  of  Roy.  Microsc.  Soc.,”  Vol.  ii.  (1879),  p.  ,929, 


So. — Auotlicv 
Teesdalo 


la 
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vertical  plate,  of  wlilcli  the  upper  edge  is  inclined  at  a gentle 
angle.  J<h-om  either  side  of  this  vertical  plate,  there  jn-ojects  a 

]'To.  135. 


A 


smoothly-planed  j)late,  like  a shelf  sloping  inwards ; but  wliile  the 
edge  of  one  of  these  shelves  is  parallei  to  the  base,  that  of  the 
other  is  parallel  to  the  inclined  margin  of  the  vertical  plate.  On 
the  former  slides  a caiTier  bearing  a l^ife,  the  position  of  which  can 
be  adjusted  and  fixed  by  means  of  a binding-screw  that  works 
through  a slot  in  its  handle ; whilst  on  the  latter  there  slides  an 
Object-canier,  consisting  of  a clamp,  whose  oiJening  is  controlled 
by  a binding-screw,  for  holding  the  block  of  paraffine  in  wliich  the 
substance  to  be  cut  is  imbedded.  From  tliis  description  it  will  be 
obvious  that  when  the  earner  that  bears  the  knife  (as  seen  at  a)  is 
slid  from  one  end  of  its  shelf  to  the  other,  the  knife  always  remains 
on  the  same  level;  but  that  when  the  Object-carrier  is  similarly  slid 
(from  right  to  left  in  Fig.  n),  it  gradually  rises,  always  keeping  at 
the  same  height  in  relation  to  the  inclined  edge  of  the  vertical 
plate.  This  edge  being  graduated,  and  a ‘ vernier’  being  engrayetl 
on  the  carriage,  the  progressive  elevation  of  the  surface  from  which 
the  section  is  to  be  taken  can  be  measured  with  the  most  minute 
exactness  ; as  the  substitution  of  the  inclined  plane  for  the  screw 
altogether  does  away  with  the  ‘ lost  time’  from  which  the  action  ol 
the  latter  is  seldom  entirely  free.  The  manner  in  which  the  kmfc 
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Fig.  136. 
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IS  attached  to  its  carnage,  enables  it  to  be  so  fixed  as  to  give  auy 

proportion  that  may  lie  desired  lietween  the  slidinn  ^^iid  the  -prcssiiif/ 

'f,  . simple  model  here  described  is  extensively  used  on  the 

ontment ; and  the  Author  can  endorse  its  reputation  from  large 

personal  experience.  Certain  modifications  have  been  recently 

iiiade  in  it  however  which  must  not  be  passed  without  notice.  One 

«ot  these  relates  to  the  mode  in  wliich  the  block  of  paraffine  is  held 

^ ^ ^ ^ position  of  the  body  imbedded  in  it  may 

taking  the  block  out  of  the  clamp.  The  screw  a 

'ifipfp^x  I brings  the  movable 

.piece  c (winch  IS  giuded  - 

liy  two  pins  that  work 

through  h)  against  the 

fixed  jiiece  d,  and  thus 

secures  the  body  to 

be  cut.  The  clamii 

is  connected  by  means 

of  the  lient  arm  e 

A\-ith  the  block  /,  the 

upper  surface  of  which 

is  rounded ; and  on 

this  it  can  be  moved 

in  a plane  parallel  to 

the  middle  jilate  of 

iihe  instrument,  so  as 

to  take  a iiosition 

more  or  less  oblique,  in 

Avhich  it  may  be  fixed 

by  the  binding-screw  u;gu,j.u,  la  oonnecreu  witJi 

the  hxed  block /«,  by  a pivot  passing  through  the  latter;  and  on 
tins  It  may  be  rotated  in  a plane  at  right  angles  to  the  middle 
plate,  being  fax*ed  in  any  position  by  the  binding-screw  i.  By  the 
'•combination  of  these  two  movements,  the  object  can  be  placed  (and 
then  faxed)  in  such  a position  that  the  sectional  plane  shall  traverse 
It  in  any  desired  direction.- The  knife-carrier  is  also  furnished 
with,  screws,  that  enable  the  inclination  of  the  blade  to  be  regulated 
with  great  precision.  And,  if  desired,  the  object-carrier  may  be 
• -aavanced  up  its  incline  by  a screw  traversing  the  entire  lenoth  of 

' ^ppm«f  addition,  however,  which 

^unnecessary,  and  certainly  not  worth 
po«+  Microtome  can  be  made  in  hard  wood  at  a lower 

•in?  h h with  very  little  sacrifice  (if  any)  of  efficiency ; 

■ mentVhrnd  fr^^^^^^^^  ^he  body  oftheinstru- 

at  Pn^i  'f  longitudinally,  audits  two  halves  attaclicd 

■tliPrp  fi  diverge  at  the  other  at  any  angle,  beiuo- 

there  fixed  by  a clamping  screw.f  ^ ” 

+ ?)icrosc. Soc.,”  Vol.  ii.  (1880),  p.  .334. 

t /ranch  in  Zcitsclinft  ftir  Mikrosk.,”  IJd.  ii.  (1880),  p.  172. 


Improved  Object  Carrier  for  the  Eivet-Leiser 
Microtome. 

The  block  / again,  is  connected  witli 
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189.  Imleddino  Processes.-The  preparation 

preferred,  as  shrinking  less  m cooling,  _ y Micro- 

thorough  s'hodPbe  takeu  out  o’t  the  sprit  m 

previonsly  liaidenea  om’ftilhlp  si/e  havinf  been  cut 

Ihich  it  is  pr;es«-ued ; may 

SrrfrePrnltebS^^^ 

blotting-paper,  the  siirface  ^ ^luch  is  to  keep  the 

glazed  with  a tliin  film  of  .,  (pi^o  pi^a  of  the  Micro- 

Imbedding  substance  from  adbei-mg  to  ?^;.  J4Xd°sSew  inserted 

tome  (winch  ^^f^^^^Xa^ho^^  for  the  imbedding  substance) 

into  its  upper  side,  to  furnish  a hold  toi  tnei  °utting-bed. 

being  set  at  the  dqith  oi  abon  an  . , depth; 

melted  wax  orparaffine  IS  tobeponiedinto  bo  the  best 

and  the  substance  to  be  cut 
position  (which  IS  not  centie^^ 

X Tmbened  SSrtanL®  is , eutirely  covorri  and  ^^ty  cora- 

shll  r'eutXya^^^^^^^ 


p 'jq 
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lengthened  period  at  a gentle  warmth,  either  in  a,  strong  mncihiffe  of 
bum  Arabic,  or  in  a solution  of  Grelatiue  that  will  ‘ set’  on  cooliuo- 
its  ca\nties  having  been  laid  open  snlficiently  for  the  gradual  pene- 
teat, on  01  the  liquid  to  their  interior.  The  entire  mufe  being  Ten 
exposed  to  the  air,  the  slow  evaporation  of  its  water  will  c?t  last 
lediice  it  to  a consistence  sii&ciently  hrm  to  enable  sections  of  it 

drawn  out  by  steeping  in 
cohol.  Phis  plan  has  been  found  to  answer  for  the  entire  bodies 
of  insects,  btems  of  herbaceous  Plants,  and  the  like.— But  when 
the  sections  are  to  be  cut  of  the  extreme  thinness  required  for 

detail,  it  is  much  better  to  Le  either 
1 aiaffine  slightly  softened  with  lard,  or  Cacao-butter,  which  last 
extrP^m'flT^'^  recommended  for  the  imbedcUng  of  structures  of 
ofdemiv^prl  material  to  be  cut  must  be  first  deliy  dr  cited, 

letting  it  lie  for  a time  in 
tre^n/ifS/b’iq'^'^  transferring  it  to  Eectified  spirit,  and  at  last 
ti  eating  it  with  absolute  Alcohol.  Prom  this  it  is  to  be  transferred 

Si  bergamot  being  used  for  delicate  objects  ; 

When  SrhS^p^  b^ies: 

Wiien  this  has  completely  replaced  the  spirit,  the  body  is  to  be 

mniersed  tor  some  little  time  in  a hot  saturated  solution  of  paraffine 

bellTfT”-  lain  mfflciently  1„T  iSs  ?o 

ffi  penetrated,  it  is  to  be  immersed  in  the  melted 

ImSlTanESlfn  b®  Ideated  than  is  necessary  to 

S tiiSrSi  nip  ^ in  this  for  sLe 

forceps  so  gentle  squeeze  being  given  to  it  with  the 

sibKv  ^bSlS^  replaced  as  completely  as  pos- 

^ ^^dnefied  paraffine.  When  hardened  by  cooling  the 

S MfoiSSip  ‘ imbedded’  in  any  oiriinary  f;iin- 

tfoi  described ; the  coating  with 

Sr  wE^tbp  ^ bo  be  made 

to  proride  0 mn.qf  J^^®™b°me,  or  by  hand,  it  is  necessary 

pomid  imbedding  material  can  be 

E if  Cylindrical  form,  by  twistino-  a 

lound  the  end  of  a small  ruler;  or  a brick-shaned 
sm'+ii  1°^^-  in  a mould  made  by  turning  up  the  edges  of  a 

at  the  Wo^inds®^B?t  Pj^^^^big  together  the  cross-folds 

thifpuZse  pi  generally  more  convenient  to  use  for 

inch  foXeadth  inches  long,  and  3-4ths  of  an 

Piepp  f)f  fil+n  • ^ depth,  with  removable  bottoms.  A small 

■ Hides  oi  the  bn?  ffl^eing  placed  between  the  bottom  and  the 
Tin  the  most  ^ substance  to  be  imbedded  being  held  in 

box  is  compleSv  1-  ? position  the  paraffine  is  poured-in  until  the 
mrnfflT,«  ^P^^bely  filled,  and  this  is  set  aside  to  cool.  When  the 

ffi®7auTrS  ^Hdified  the  bo.  is  to  be  lifted  TT 

cuttinu  — tu  iisim.  tbo  ’ then  ready  for 

it  consfontlv  wifi?  ?f®bion-knife,  care  should  be  taken  to  keep 

that  each  ictiEbin?  and  it  is  desirable 

each  section  should  be  removed  from  it  before  another  is  taken.. 
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When,  for  the  study  of  the  anatomy  of  an  animal,  sections  an- 
being  taken  in  series,  and  it  is  important  that  their  order  should 
be  presei'ved,  a set  of  watch-glasses  should  be  previously  provided, 
•each  about  half  tilled  Avith  spirit,  and  the  sectious  successively 
"taken  should  be  dropped  singly  into  them  ; care  being  taken  in  the 
arrangement  of  the  glasses  to  maintain  the  relative  position  of  the 
sections.  In  order  to  dissolve  out  the  imbedding  material,  the 
sections  should  be  soaked  in  oil  of  turpentine  with  about  one-fourth 
part  of  creasote;  and  if  its  structure  is  suitable  for  examination  ■'vith 
high  powers,  it  may  be  cleared  by  a short  immersion  in  oil  oi 
•cloves.  They  are  then  to  be  mounted  either  in  Canada  balsam 
solution  (§  209)  or  in  Dammar  cement. 

191.  When  the  freezing  process  is  employed,  the  substance 
to  be  cut  (which  may  either  be  fresh,  or  have  been  hardened 
by  some  of  the  processes  to  be  hereafter  described,  § 199)  must 
be  thoroughly  penetrated  by  a thick  solution  of  gum ; for  tltis, 
when  frozen,  does  not  become  crystalhne,  and  may  be  cut  like 
•cheese.  If  the  substance  to  be  cut  has  been  immersed  in  alcohol, 
this  must  be  completely  removed  in  the  tirst  instance  by  immei- 
sion  in  water  for  from  six  to  twenty -four  hours,  according  ^ to 
dhe  size  of  the  mass  ; for  the  gum  will  not  penetrate  any  part  which 
is  still  alcoholized.  And  the  substance  should  be  then  immersed 
in  the  gum-solution  for  from  twelve  to  twenty -four  hours  befoie  it  is 
frozen;  in  order  that  every  part  may  be  pemieated  bythe  i^^m, 
:and  no  water  be  left  to  form  crystals  of  ice.  If  the  freezing  Micio- 
tome  of  Prof.  Eutherford*  be  employed,  the  fi-eezing-box  shoiildbe 
tilled  with  alternate  spoonsfuU  of  salt  and  either  snow  or  finely 
powdered  ice,  which  are  to  be  stirred  round  the  well  previousl} 
tilled  with  the  gum  solution.  With  the  Ether-spray  Microtome, 
the  freezing  is  produced  by  the  rapid  evaporation  of  the  liquid 
injected  into  the  freezing- chamber.  In  either  case,  the  substance  to 
be  cut  is  to  be  introduced  into  the  well,  as  soon  as  the  guni  b^ms 
to  harden  at  its  periphery  ; and  should^  be  held  in  place  until  tixeti 
by  the  advancing  congelation.  In  cutting  the  sections,  no  wetting 
of  the  knife  is  necessary ; as  it  is  kept  sufficiently  wetted  by  the 
thawing  gum.  The  sections  should  be  placed  in  meth3dated  spint 
diluted  with  twice  its  volume  of  water ; and  this  soori  not  on  y 
dissolves  out  the  gum,  but  removes  any  air-bubbles  the  section 
may  contain.  If  the  section  is  to  be  at  once  mounted  (which  shouki 
•always  be  done  if  it  is  very  delicate  and  liable  to  be  spoiled  ii 
manipulation),  it  should  be  placed  on  a slide  before  it  has  thaiveil. 
and  washed  by  forming  around  it  a little  pool  of  dilute  spin  . 
which  may  be  readily  changed  two  or  three  times  by  the  g 
eyringe  (§  127).  Sections  cut  by  the  freezing  process  may  for  the 


* This  instrument  lins  received  various  improvements  since  1*  y’*'® 
•devised,  and  should  bo  obtained  from  Mr.  Gardner,  South  Bnd^ge, 

-the  maker  recommended  by  its  inventor.  It  may  be  employed  •‘S  « | 
.ordinary  ‘imbedding’  !Microtome,  when  the  ‘imbedding’  is  tliought  prefonu 
to  the  freezing  process. 
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being  often 


most  part  be  mounted  in  glycerine  jelly,  forwliicli  no  other  prepara- 
tion will  be  needed  than  the  use  (if  desired)  of  the  Staining  process 
hereafter  to  be  described  (§  202).  But  if,  for  the  sake  of  rendering 
the  sections  more  transjiarent,  mounting  them  in  Canada  balsam 
or  Dammar  is  preferred,  they  must  be  treated  first  with  strong- 
spirit,  then  with  absolute  alcohol,  and  then  with  either  oil  of  cloves 
or  oil  of  turpentine. — It  is  claimed  by  Dr.  Butherford  as  the 
special  advantage  of  the  freezing  process,  that  “ delicate  organs, 
“ siich  as  the  retina,  the  embryo,  villi  of  the  intestines,  lung,  trachea 
'*  with  its  ciliated  epithelium,  may  all  be  readily  cut  without  fear 
of  their  being  destroyed  by  the  imbedding  agent.”  When  im- 
bedded in  paraffine,  very  delicate  structures  are  more  liable  to 
•damage ; the  viUi  of  the  intestine,  for  instance,  being 
denuded  of  their  epithelium,  and  sometimes  themselves  torn 

192.  Gruidin;/  and  PoliHli  lng  Sections  of  Hard  Substances. — Sub- 
•stances  which  are  too  hard  to  be  sliced  in  a Microtome — such 
as  Bones,  Teeth,  Shells,  Corals,  Fossils  of  all  kinds,  and  even 
some  dense  Vegetable  Tissues— can  only  be  reduced  to  the 
requisite  thinness  for  IVIicroscopical  examination,  by  grinding-down 
thick  sections  until  they  become  so  thin  as  to  be  transparent, 
txeneral  directions  for  making  such  jn-eparations  will  be  here  given 
birt  those  special  details  of  management  wliich  particular  substances 
may  require,  will  be  given  when  these  are  respectively  described. — 
The  first  thing  to  be  done  -will  usually  be  to  procure  a section  of 
the  substance,  as  tlain  as  it  can  be  safely  cut.  Most  substances  not 
sdiceous  may  be  divided  by  the  fine  Saws  used  by  artizans  for  cut- 
ting brass  ; and  these  may  be  best  worked  either  by  a mechanical 
ai  rangement  such  as  that  devised  by  Dr.  Matthews,-f-  or,  if  by  hand, 
between  ‘ guides,’  such  as  are  attached  for  this  j)urpose  toHailes’s 
and  some  other  Microtomes.  But  there  are  some  bodies  (such  as 
;the  Enamel  of  Teeth,  and  Porcellaneous  Shells),  which,  though 
merely  calcareous,  are  so  hard  as  to  make  it  very  difficult  and 
1 tedious  to  divide  them  in  tliis  mode  ; and  it  is  much  the  quicker 
‘ operation  to  slit  them  with  a disc  of  soft  iron  (resembling  that  used 
I by  the  Lapidary)  charged  at  its  edge  with  diamond-dust,  which  disc 
may  be  driven  in  an  ordinary  lathe.  Where  waste  of  material  is  of 
no_  account,  a very  expeditious  method  of  obtaining  pieces  fit  to 
. ^^id  down,  is  to  detach  them  from  the  mass  with  a strong  pair  of 
cutting  pincers,’  or,  if  they  be  of  small  dimensions,  with  ‘ cutting 
pliers  ; and  a fiat  surface  must  then  be  given  to  it,  either  by  hold- 
ing thein  to  the  side  of  an  ordinary  grindstone,  or  by  rubbing  on  a 
[)  ate  of  lead  (cast  or  planed  to  a perfect  level)  charged  with  emery, 
ir  ly  a strong-toothed  file  ; the  former  being  the  most  suitable  for 
e lat  est  substances,  the  latter  for  the  toughest.  There  are  certain 
mbstances,  especially  Calcareous  Fossils  of  Wood,  Bone,  and  Teeth, 

if  ^'’dowing  directious  do  not  apply  to  Siliceous  substances  ; as  sections 
prepared  by  those  who  possess  a regular  Lapidary’s  .ap- 
laratus,  and  have  been  specially  instructed  in  the  use  of  it  l l 

t -Journ.  Quckett  Microsc.  Club,”  Vol.  vi.  (1880),  p.  83. 
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ill  whicli  the  greatest  care  is  required  iu  the  pcriormance  of  these 
[ireliminary  operations,  on  account  of  tlieir  extreme  friability ; the 
vibration  produced  by  the  ■working  of  the  saw  or  the  file,  or  by 
grinding  on  a rough  surface,  being  sufficient  to  disintegrate  even  a 
thick  mass,  so  that  it  falls  to  pieces  under  the  hand ; such  speci- 
mens, therefore,  it  is  requisite  to  treat  with  great  caution,  dividing 
t hem  by  the  smooth  action  of  the  wheel,  and  then  rubbing  them 
down  upon  nothing  rougher  than  a very  fine  ‘ grit,’  or  on  the  ‘ co- 
rundum-files ’ now  sold  in  the  tool-shops,  which  are  made  by  imbed- 
<ling  conmdum  of  various  degrees  of  fineness  in  a hard  resinous 
substance.  Where  (as  often  happens)  such  specimens  are  sufficiently 
porous  to  admit  of  the  penetration  of  Canada  Balsam,  it  will  be 
desirable,  after  soaking  them  in  tur2ientine  for  a while,  to  lay  some 
liquid  balsam  ujion  the  parts  through  which  the  section  is  to  jiass, 
and  then  to  place  the  specimen  before  a fire  of  in  an  oven  for  some 
little  time,  so  as  first  to  cause  the  balsam  to  run-in,  and  then  to 
harden  it ; by  this  means  the  sjiecimen  ■will  be  rendered  much 
more  fit  for  the  processes  it  has  afterwards  to  undergo. — It  not 
unfrequently  hajipens  that  the  small  size,  awkward  shape,  or 
extreme  hardness  of  the  body,  occasions  a difficidty  in  holding  it 
either  for  cutting  or  grinding  ; in  such  a case,  it  is  much  better  to 
attach  it  to  the  glass  in  the  first  instance  by  any  side  that  happens 
to  be  flattest,  and  then  to  rub  it  down  by  means  of  the  ‘ hold’  of  the 
glass  upon  it,  until  the  projecting  portion  has  been  broirght  to  a 
j)lane,  and  has  been  prej^ared  for  peimanent  attachment  to  the 
glass.  Tliis  is  the  method  which  it  is  generally  most  convenient 
to  pursue  with  regard  to  small  bodies ; and  there  are  many  ■which 
can  scarcely  be  treated  in  any  other  way  than  by  attaching  a 
number  of  them  to  the  glass  at  once,  in  such  a manner  as  to  make 
them  mutually  support  one  another.* 

193.  The  mode  in  which  the  operation  is  then  to  be  proceeded 
with,  depends  upon  whether  the  section  is  to  be  ultimately  set  up 
in  Canada  balsam  (§  210),  or  is  to  be  mounted  ‘ dry’  (§  169),  or  in 

* Thus,  in  making  horizontal  and  vertical  sections  of  Foramhiifera.  as  it 
■would  be  impossible  to  slice  them  through,  they  must  be  laid  close  together  lu 
a bed  of  hardened  Canada  Balsam  on  a slip  of  glass,  in  such  positions,  that 
when  rubbed  down,  the  plane  of  section  shall  traverse  them  in  tho  desired 
directions  ; and  oue  flat  surface  having  been  thus  obtained  for  each,  this  must 
bo  turned  downwards,  and  the  other  side  ground  away.  The  foBo'vviug 
ingenious  plan  was  suggested  by  Dr.  Wallich  r"  Anu.  of  Nat.  Hist.,  ^ 
July,  1861,  p.  58),  for  turning  a number  of  minute  objects  together,  and  mus 
avoiding  the  tediousness  and  difiiculty  of  turning  each  one  separately:  luP 

specimens  are  cemented  with  Canada  Balsam,  in  the  first  inshance,  to  a thin  nlni 
of  mica,  which  is  then  attached  to  a glass  slide  by  the  s.aine  means ; when  thoj 
liave  been  ground-down  as  far  as  may  be  desired,  the  slide  is  gradually  heate 
just  sufficiently  to  allow  of  the  detachment  of  the  mica-film  aud  the  specimens 
it  canies  ; and  a clean  slide  with  a thin  layer  of  hardened  balsam  having  been 
])repared,  the  mica-film  is  transferred  to  it  with  the  ground  surface  downimds. 
When  its  adhesion  is  complete,  the  grinding  may  be  proceeded  with ; “ 

the  mica-film  will  yield  to  the  stone  without  the  least  difficulty,  the  specime  s 
now  reversed  in  position,  may  be  reduced  to  requisite  thinness. 
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Huid  (§  211).  Ill  the  lornier  case,  the  following  is  the  jilau  to  be 
pursued : — The  Hatteued  surface  is  to  be  polished  by  rubbing  it 
ivith  water  on  a * Water-of- Ayr’  stone,  or  on  a hone  or  ‘ Turkey’- 
stone,  or  on  an  ‘ Arkansas’-stoue ; the  first  of  the  three  is  the  best 
for  all  ordinary  purposes,  but  the  two  latter,  being  much  harder, 
maybe  employed  for  substances  which  resist  it.*  When  this  has  been 
sufficiently  accomplished,  the  section  is  to  be  attached  -with  hard 
Canada  balsam  to  a shp  of  thick  well-annealed  glass  ; and  as  the 
success  of  the  final  result  ivill  often  dejDend  upon  the  comiDleteness 
of  its  adhesion  to  this,  the  means  of  most  effectually  securing  that 
adhesion  will  now’  be  described  in  detail.  The  slide  having  been 
placed  on  the  cover  of  the  AAater-bath,  and  the  preiuously-hardened 
balsam  having  been  softened  by  the  immersion  of  the  jar  contain- 
ing it  in  the  bath  itself,  a sufficient  quantity  of  this  should  be  laid 
on  the  slide  to  form,  when  spread  out  by  liquefaction,  a thick  drop 
somewhat  larger  than  the  surface  of  the  object  to  be  attached.  The 
slide  should  then  be  allowed  to  cool,  in  order  that  the  hardness  of 
the  balsam  should  be  tested.  It  too  soft,  as  indicated  by  its  reader 
yielding  to  the  thumb-nail,  it  should  be  heated  a little  more,  care 
being  taken  not  to  make  it  boil  so  as  to  form  bubbles  ; if  too  hard, 
which  will  be  shown  by  its  chipping,  it  should  be  re-melted  and 
ililuted  wuth  more  fluid  balsam,  and  then  set  aside  to  cool  as  before. 
IWien  it  is  found  to  be  of  the  right  consistence,  the  section  should 
be  laid  upon  its  surface  with  the  i^olished  side  downwards  ; the  slip 
of  glass  is  next  to  be  gradually  warmed  until  the  balsam  is  softened, 
special  care  being  taken  to  avoid  the  formation  of  bubbles ; and 
the  section  is  then  to  be  gently  pressed  down  upon  the  liquefied 
balsam,  the  pressure  being  at  first  applied  rather  on  one  side  than 
over  its  whole  area,  so  as  to  drive  the  sujierfluous  balsam  in  a sort 
of  wave  towai'ds  the  other  side,  and  an  equable  pressure  being 
finally  made  over  the  whole.  If  this  be  carefully  done,  even  a very  large 
section  may  be  attached  to  glass  without  the  intervention  of  any 
air-bubbles ; if,  however,  thejr  should  present  themselves,  and  they 
cannot  be  expelled  by  increasing  the  pressure  over  the  part  beneath 
which  they  are,  or  by  slightly  shifting  the  section  from  side  to 
side,  it  is  better  to  take  the  section  entirely  off,  to  melt  a little 
fresh  balsam  upon  the  glass,  and  then  to  lay  the  section  upon  it  as 
before. 

194.  When  the  section  has  been  thus  secured  to  the  glass,  and 
the  attached  pari  thoroughly  saturated  (if  it  be  porous)  with  hard 
Canada  balsam,  it  may  be  readily  reduced  in  thickness,  either  by 
grinding  or  filing,  as  before,  or.  if  the  thickness  be  excessive,  by 
taking  off  the  chief  part  of  it  at  once  by  the  slitting  wheel.  So 
soon,  however,  as  it  approaches  the  thinness  of  a piece  of  ordinary 


H of  pohsliod  siirricc  is  a matter  of  the  first  importance, 

that  of  the  btones  themselves  should  bo  tested  from  time  to  time  ; and  when- 

'•inni/n  riibbcd-dowii  on  any  one  part  more  than  on 

w!  lo  flattened  on  a paving-stone  ivith  fine  sand,  or  on  tli(> 

leua-plate  ■witli  omnry.  ’ 
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card,  it  should  he  ruhhed  down  with  water  on  one  of  the  smooth 
stones  previously  named,  the  glass  slip  being  held  beneath  the 
hngers  with  its  face  downwards,  and  the  pressure  being  atiplied 
with  such  equality  that  the  thickness  of  the  section  shall  be  (as 
nearly  as  'can  be  discerned)  equal  over  its  entire  surface.  As  soon 
as  it  begins  to  be  translucent,  it  should  bo  placed  under  the  Micro- 
scope (particular  regard  being  had  to  the  precaution  specified  in 
143),  and  note  taken  of  any  inequality;  and  then,  when  it  is 
again  laid  upon  the  stone,  such  inequality  may  be  brought  down 
by  making  special  pressure  with  the  forefinger  upon  the  part  of 
the  slide  above  it.  When  the  thinness  of  the  section  is  such  as  to- 
cause  the  M'ater  to  spread  around  it  between  the  glass  and  the 
stone,  an  excess  of  thickness  on  either  side  may  often  be  detected 
by  noticing  the  smaller  distance  to  which  the  liquid  extends.  In 
proportion  as  the  substance  attached  to  the  glass  is  ground  away, 
the  superfluous  balsam  which  may  have  exuded  around  it  will  be 
brought  into  contact  with  the  stone  ; and  this  should  be  removed 
with  a knife,  care  being  taken,  however,  that  a margin  be  still 
left  round  the  edge  of  the  section.  As  the  section  approaches  the* 
degree  of  thinness  which  is  most  suitable  for  the  display  of  its 
organisation,  great  care  must  be  taken  that  the  grinding  process 
be  not  carried  too  far  ; and  frequent  recourse  should  be  had  to  the 
Microscope,  which  it  is  convenient  to  have  always  at  hand  when  f 
work  of  this  kind  is  being  carried  on.  There  are  many  substances 
whose  intimate  structure  can  only  be  displayed  in  its  highest  per-  ^ 
fection,  when  a very  little  more  reduction  would  destroy  the  section  ■; 
altogether ; and  every  Microscopist  who  has  occupied  himself  in 
making  such  preparations,  can  tell  of  the  number  wliich  he  has  -■ 
sacrificed  in  order  to  attain  this  perfection.  Hence,  if  the  amount  f J 
of  material  be  limited,  it  is  advisable  to  stoj)  short  as  soon  as  a.  l | 
flood  section  has  been  made,  and  to  lay  it  aside — ‘letting  well  I 
alone’ — whilst  the  attempt  is  being  made  to  procure  a heifer  one  : I 

if  this  should  fail,  another  attempt  may  be  made,  and  so  on,  until  '■ 
either  success  has  been  attained,  or  the  whole  of  the  material  has  I 
been  consumed — the  first  section,  however,  still  remaining : whereas.  || 
if  the  first,  like  every  subsequent  section,  be  sacrificed  in  the  attempt  D 
to  obtain  perfection,  no  trace  will  be  left  “ to  show  what  once  has  I 

been.”  In  judging  of  the  appearance  of  a section  in  this  stage  ■ 

under  the  Microscope,  it  is  to  be  remembered  that  its  transparence  ■ 
will  subsequently  be  considerably  increased  by  mounting  in  Canada  I 
balsam  : this  is  particularly,  the  case  with  Fossils  to  which  a deep  ■ 
hue  has  been  given  by  the  infiltration  of  some  colouring  matter.  I 

and  with  any  substances  whose  particles  have  a molecular  aggre-  I 

gation  that  is  rather  amorphous  than  crystalline.  When  a sufficient  I 
thinness  has  been  attained,  the  section  may  generally  lie  mounted  I 
in  Canada  balsam ; and  the  mode  in  which  this  must  be  managed  v 
will  be  detailed  hereafter  (§210).  ■ 

195.  By  a slight  variation  in  the  foi-egoing  process,  sections  may  I. 
be  made  of  structm-es,  in  which  (as  in  Corals)  hard  and  soft  iwts’  I 
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are  comhined,  so  as  to  show  both  to  advantage.  Small  pieces  of 
the  substance  are  first  to  be  stained  thoroughly  (§  202),  and  are- 
then  to  be  ‘ dehydrated’  by  alcohol  (§  190).  A thin  solution  of  copal 
in  chlorofonn  is  to  be  prepared,  in  which  the  jDieces  are  to  be 
immersed  ; and  this  solution  is  to  be  concentrated  by  slow  evapora- 
tion, until  it  can  be  drawn  out  in  threads  which  become  brittle  on 
cooling.  The  pieces  are  then  to  be  taken  out,  and  laid  aside  to- 
harden ; and  when  the  copal  has  become  so  firm  that  the  edge  of 
the  finger-nail  makes  no  impression,  they  are  to  be  cut  into  slices,, 
and  ground-down  attached  to  glass,  in  the  manner  already  described, 
the  sections  being  finally  mounted  in  Canada  balsam. — The  sec- 
tions (attiached  to.  glass)  may  be  jDartially  or  completely  decalcified,, 
the  soft  parts  remaining  in  situ,  by  first  dissolving  out  the  copal 
Avith  chloroform ; when,  after  being  well  washed  in  water,  they 
should  be  again  stained,  and  mounted  either  in  weak  spirit,  or 
(after  having  been  dehydrated)  in  Canada  balsam.* 

19b.  A difi’erent  mode  of  procedure,  however,  must  be  adopted 
Avhen  it  is  desired  to  obtain  sections  of  Bone,  Tooth  or  other  finely 
tubular  structures,  itupenetrated  by  Canada  balsam.  If  tolerably 
tliin  sections  of  them  can  be  cut  in  the  first  instance,  or  if  they 
are  of  a size  and  sha^ie  to  be  held  in  the  hand  whilst  they  are 
being  rougldy  ground-down,  there  will  be  no  occasion  to  attach 
them  to  glass  at  all : it  is  frequently  convenient  to  do  this  at  first,, 
however,  for  the  purpose  of  obtaining  a ‘ hold’  upon  the  sjDecimen ; 
but  the  surface  which  has  been  thus  attached  must  afterwards  be- 
completely  rubbed  away,  in  order  to  bring  into  view  a stratum 
which  the  Canada  balsam  shall  not  have  penetrated.  As  none  but 
substances  possessing  considerable  toughness,  such  as  Bones  and 
Teeth,  can  be  treated  in  this  manner,  and  as  these  are  the  sub- 
stances which  are  most  quickly  reduced  by  a coarse  file,  and  are- 
' least  liable  to  be  injured  by  its  action,  it  Avill  be  generally  found 
; possible  to  reduce  the  sections  nearly  to  the  required  thinness,  by 
1 laying  them  upon  a piece  of  cork  or  soft  wood  held  in  a vice,  and 
I operating  upon  them  first  with  a coarser  and  then  with  a finer  file.. 
'When  this  cannot  safely  be  carried  farther,  the  section  must  be 
r rubbed  doAvn  upon  that  one  of  the  fine  stones  already  mentioned 
{§  193)  which  is  found  best  to  suit  it : as  long  as  the  section  is 
: tolerably  thick,  the  finger  may  be  used  to  press  and  move  it ; but 
I as  soon  as  the  finger  itself  begins  to  come  into  contact  with  the- 
■^tone,  it  must  be  guarded  by  a flat  slice  of  cork,  or  by  a piece  of 
; ^tta-percha,  a little  larger  than  the  object.  Under  either  of  these,. 
:he  section  may  be  mbbed-down  to  the  desired  thinness;  but  even 
•he  most  careful  working  on  the  finest-grained  stone  will  leave  its 
■lurface  covered  with  scratches,  which  not  only  detract  from  its 
■ ippearance,  but  prevent  the  details  of  its  internal  structure  from 
)eing  as  readily  madc-ont  as  they  can  be  in  a poHshed  section. 

* See  Kocli  in  “Zoologisclier  Anzoig.,”  Bd.  i.,  p.  3G. — Tlie  AAithor,  having  seen 
\y  the  kindness  of  Mr.  H.  N.  Moseley)  some  sections  of  Corals  prej)ared  by 
iiis  process,  can  testify  to  its  complete  success. 
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'This  polish  may  he  imparted  hy  ruhlhng  the  section  with  ]mtty- 
poAvder  (peroxide  of  tin)  and  water  upon  a leather  strap,  m^e  hy 
covering  the  suidace  of  a hoard  with  huff-leather,  having  three 
or  four  thichnesses  of  cloth,  flannel,  or  soft  leather  beneath  it ; 
this  operation  must  he  performed  on  hoth  sides  of  the  section, 
until  all  the  marks  of  the  scratches  left  hy  the  stone  shall  have 
been  rubbed  out;  when  the  specimen  will  he  fit  for  mounting  ‘dry’ 
after  having  been  carefully  cleansed  from  any  adhering  particles 
of  putty-powder. 

197.  Decalcljication. — When  it  is  desired  to  examine  the  structure 
of  the  Organic  matrix,  in  which  the  Calcareous  salts  are  deposited 
that  give  hardness  to  many  Animal  and  to  a few  Vegetable  struc- 
tures (such  as  the  true  Corallines), these  salts  must  he  dissolved  away 
hy  the  action  of  some  Mineral  Acid,  which  may  he  either  Xitric  or 
Hydrochloric.  This  should  he  employed  in  a very_  dilute  state,  in 
order  that  it  may  make  as  little  change  as  possible  in  the  soft  tissue, 
it  leaves  behind.  When  the  Lime  is  in  the  state  of  Carbonate  (as, 
for  example,  in  the  skeletons  of  EcMnoderms,  Chap,  xiy.),  the  body 
to  he  decalcified  should  he  placed  in  a glass  jar  or  wide-mouthed 
bottle  holding  from  4 to  6 oz.  of  water,  and  the  acid  should  he  added 
drop  hy  drop,  until  the  disengagement  of  air-huhhles  shows  that  it 
is  taking  effect ; and  the  solvent  process  should  he  allowed  to  take 
place  very  gradually,  more  acid  being  added  as  required.  When,  on 
the  other  hand,  much  of  the  Hme  is  in  the  state  of  Phosphate,  as  in 
Bones  and  Teeth,  the  strength'of  the  acid  solvent  must  he  increased; 
and  for  the  hardening  of  the  softer  parts  of  the  organic  matrix,  it 
is  desirable  that  Chromic  acid  should  he  used.  In  the  case  of  small 
hones,  or  delicate  portions  of  large  (such  as  the  cochlea  of  the  ear), 
a half  per  cent,  solution  of  chromic  acid  will  itself  serve  as  the 
solvent ; hut  larger  masses  require  either  Hitric  or  Hydrochloric 
acid  in  addition,  to  the  extent  of  2 per  cent,  of  the  former  or  5 per  cent, 
of  the  latter.  By  some  the  chromic  and  the  nitric  or  muriatic  acid 
are  mixed  in  the  first  instance ; while  hy  others  it  is  recommended 
that  the  hone  should  lie  first  in  the  chromic  acid  solution  for  a 
week  or  ten  days,  and  that  the  second  acid  should  he  then  added. 
If  the  softening  is  not  completed  in  a month,  more  acid  must  he 
added.  When  thoi'oughly  decalcified,  the  hone  should  he  trans- 
ferred to  rectified  spirit ; and  it  may  then  be  either  sliced  in  the 
Microtome,  or  torn  into  shreds  for  the  demonstration  of  its 
lamellm. — Acid  solvents  may  also  he  employed  in  removing  the 
outer  parts  of  Calcareous  skeletons,  for  the  display  of  their  inteinal 
cavities  (a  plan  which  the  Author  has  often  foirnd  very  useful  in. 
the  study  of  Foramim'fera) ; or  for  getting  rid  of  them  entirely,  so 
as  to  bring  into  complete  view  any  ‘ internal  cast’  which  may  ha\e 
been  formed  hy  the  silicification  of  its  originally  soft  contents 
(Fi'^s.  332,  337).  It  has  been  in  this  mode,  even  more  than  by  the 
cuttino-  of  thin  sections,  that  the  structure  of  Eozon  Ganoih'iise 
(Plate  XV II.)  has  been  elucidatedhy  Professor  Dawson  and  the  Author. 
For  the  first  of  these  purposes,  strong  acid  should  he  applied  (under 
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the  Dissecting  Microscope)  with  a fine  camel’s  hair  pencil ; and 
another  such  pencil  charged  with  water  should  be  at  hand,  to  enable 
the  observer  to  stop  the  solvent  action  whenever  he  thinks  it  has 
been  carried  far  enough.  For  the  second,  it  is  better  that  the  acid 
should  only  be  strong  enough  for  the  sloio  solution  of  the  shelly 
svibstance;  as  the  too  rapid  disengagement  of  bubbles  often  produces 
ilisplacernent  of  delicate  parts  of  the  substituted  mineral,  wlfilst, 
if  the  acid  be  too  strong,  the  ‘ internal  cast’  may  be  altogether 
dissolved  away. 

198.  Preparation  of  \ eg etahla  Substances. — Little  preparation  is 
required,  beyond  steeping  for  a short  time  in  distilled  water  to  get 
rid  of  saline  or  other  impurities,  for  mounting  in  preservative 
media  specimens  of  the  minuter  forms  of  Yegetable  life,  or  portions 
of  the  larger  kinds  of  Algce,  Fungi,  or  other  succulent  Cryjitograms. 
But  the  Woody  structures  of  Phanerogams  are  often  so  consoli- 
dated by  gummy,  resinous,  or  other  deposits,  that  sections  of  them 
should  not  be  cut  until  they  have  been  softened  by  being  j^artially 
^•u  freed  from  these.  Accordingly,  pieces  of  stems  or  roots 

should  be  soaked  for  some  days  in  water,  with  the  aid  of  a gentle 
heat  ^ they  are  very  dense,  and  should  then  be  steeped  for  some 
days  m methylated  spirit,  after  which  they  should  again  be  trans- 
ferred to  water.  The  same  treatment  may  be  applied  to  hard- 
coated  seeds,  the  ‘ stones’  of  fruit,  ‘ vegetable  ivory,’  and  other  like 
■substances.— Some  Yegetable  substances,  on  the  other  hand,  are 
I too  soft  to  be  cut  sufficiently  thin  without  previous  hardening, 
•sither  by  allowing  them  to  lose  some  of  their  moisture  by  evapora- 
jon,  or  by  drawing  it  out  by  steeping  them  in  spirit.  Either 
-reatment  answers  very  well  with  such  substances  as  that  which 
orms  the  tuber  of  the  Potato  ; sections  of  which  display  the  starch- 
;rams  in  sttu.  Where,  on  the  other  hand,  it  is  desired  to  preserve 
' ^ot  be  used  ; and  recourse  may  be  had  to  Gum- 

rabeddmg  _(§  191),  which  is  particularly  serviceable  where  the 
inbstance  IS  penetrated  by  air-cavities,  as  is  the  case  with  the 
-•tern  ot  the  Bush,  the  thick  Leaves  of  the  Water-lily,  &c  But 
• here  the  process  is  to  be  employed  (§  200),  the  substance 

,.io^d  be  previously  bleached  by  the  action  of  chlorine  (preferably 
Wy  Labarraque  s chlorinated  soda),  and  then  treated  with  Alcohol 
>r  a tew  hours. 

of  Animal  Sttbstances.—Save  in  the  case  already 
eated-of  (§192),in  which  the  tissues  are  consolidated  by  Calcareous 
iposit  the  preparatory  treatment  of  Animal  substances  consists 
lumlening  them.  The  very  soft  tissues  of  which  most  of  the 
are  composed,  contain  so  large  a proportion  of  Water, 
by  immersion  in  strong  spirit  causes 
I em  to  shrink  so  much  as  completely  to  obscure  their  structure, 
othing  has  yet  been  found  so  serviceable  in  preserving  them  as 
f poisonous  action  of  which  at  once  kills  livino- 

r 1 or  Annelid  larvae,  and  the  like ; and 

racns  their  dehcatc  organisms,  so  as  to  allow  them  to  be  afterwards 


u, 


242 


PREPARATION  AND  MOUNTING  OF  OBJECTS. 


stained  and  preserved  with,  very  little  change ; and  thus  many  points 
of  their  structure  can  be  better  made  out  in  their  ‘ mounted’  than  in 
their  living  state.  The  special  procedures  which  have  been  suc- 
cessfally  worked-out  by  M.  Certes  for  Infusoria,  and  by  Mr.  Percy 
Sladen  for  EcMnoclerm-larvcB,  mil  be  described  under  those  heads. 
— The  hardening  of  the  general  body-substance  of  the  larger 
Invertebvata  is  for  the  most  part  sufficiently  effected  by  the  action 
of  the  Alcoholic  spirit  in  which  they  arc  usually  preserved ; and  this 
may  be  carried  farther,  if  required,  by  steeping  them  for  a time  in 
absolute  Alcohol.  For  hardening  iiarticular  tissues,  however,  such 
as  Nerves,  recourse  must  be  had  to  some  of  those  hardeninri  agents, 
used  in  the  preparation  of  the  Tissues  of  the  higher  Animals,  which 
will  be  now  specified  : — 

a.  A Icohol. — For  hardening  purposes.  Rectified  spirit  should  be  used  in 
preference  to  methylated  ; and  its  action  is  (as  a rule)  most  beneficial 
after  some  of  the  other  hardening  agents  have  been  employed.  The  sub- 
stance to  be  hardened  should  be  first  placed  for  a day  or  two  in  a mixture 
of  equal  parts  of  rectified  spirit  and  water,  then  transferred  for  about  48 
hours  to  rectified  spirit,  and  from  this  to  absolute  alcohol. — One  injurious 
effect  of  this  treatment  is,  that  by  the  coagulation  of  their  albuminous 
components  many  textures  are  rendered  opaque  : but,  as  Dr.  Beale 
pointed  out,  this  may  be  corrected  by  the  addition  of  a little  caustic 
Soda,  which  must  be  made,  however,  with  great  caution. — When  the 
Alcoholic  treatment  is  used  merely  for  so  dehydrating  sections  previously 
immersed  in  watery  solutions,  that  they  may  be  mounted  in  Canada  balsam 
or  Dammar,  they  may  be  transferred  at  once  from  rectified  spirit  to  oil  of 
turpentine,  without  treating  them  with  absolute  alcohol. 

h.  Chromic  Acid,  which  is  one  of  the  most  generaRy  useful  of  hardening 
agents,  is  most  conveniently  kept  in  a 1 per  cent,  solution,  which  may  he 
diluted  with  several  times  its  volume  of  water,  with  or  without  the  aiddi- 
tion  of  spirit.  Although  its  hardening  action  may  be  effected  by  a strong 
solution  in  two  or  three  days,  it  is  far  better  to  prolong  the  process  by  using 
the  menstruum  weak,  espeeially  when  the  substance  is  in  mass  ; since,  if  its 
exterior  be  so  hardened  as  to  prevent  the  penetration  of  the  fluid,  its  in- 
terior will  soften  and  decay.  The  following  is  the  mode  of  procedure 
most  generally  approved : — The  menstruum  having  been  prepared  by 
mixing  two  parts  of  a l-6th  per  cent,  solution  of  chromic  acid  and  one 
part  of  methylated  spirit,  the  material  must  be  cut  into  small  pieces 
about  half  an  inch  square,  and  put  into  a wide-mouthed  stoppered  bottle 
holding  from  6 to  10  ozs.  of  the  fluid  ; this  fluid  should  be  changed  at  the 
end  of  24  hom-s,  and  then  every  third  day ; and  the  material  will  he 
probably  found  sufficiently  hardened  (which  must  be  ascertained  by  trj’- 
ino-  whether  a tolerably  thin  hand-section  can  be  made  Arith  a razor)  in 
the  course  of  from  8 to  12  days.  If  not,  the  process  must  be  continued, 
care  being  taken  that  it  be  not  so  prolonged  as  to  render  the  substance 
brittle.  The  hardening  may  afterwards  be  completed  by  transferring 
the  substance  first  into  dilute  and  then  into  stronger  spirit ; and  this 
will  get  rid  of  the  colour  given  by  the  chromic  acid,  as  well  as  of  other 
fiocculeut  matter.  The  spirit  miist  be  changed  as  often  as  it  becomes 
foul  and  discoloured  ; and  Avhen  it  remains  bright  and  clear,  the  speci- 
mens will  be  ready  for  cutting. 

c.  Bichromate  of  Potass,  in  a 2 per  cent,  watery  solution,  may  be  uscit 
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By  each  granule  of  the  protoplasm,  and  these  to  be  decomposed,  giving 
to  the  grannie  the  characteristic  grey  colour,  thus  at  the  same  time  both 
hardening  and  staining.’’ — A mixture  of  9 parts  of  a l-4th  per  cent, 
solution  of  Chromic  acid,  with  one  part  of  a 1 per  cent,  solution  of  Osmic 
acid,  answers  for  many  purposes  better  than  osmic  acid  alone,  the  brit- 
tleness produced  by  its  use  being  completely  avoided. — After  being 
subjected  to  this  agent,  the  specimens  should  be  treated  with  .30  per 
cent,  alcohol,  gradually  increased  in  strength  to  absolute. 


200.  Staining  Processes. — Much  attention  has  been  given  of  late 
years  to  the  use  of  agents,  which,  either  by  simply  dyeing,  or  by 


chemically  acting  on  Organic  substances,  in  difi'erent  modes  and 
degrees,  serve  to  differentiate  the  different  parts  of  organs  or  tissues 
of  complex  structure,  and  to  render  more  distinct  such  dehcate 
features  in  preparations  mounted  in  transparent  media,  as  might 
otherwise  escape  notice.  The  agents  which  merely  dye  the  tissues 
are  for  the  most  part  Colouring  matters  of  Vegetable  or  Animal 
origin ; those  which  act  upon  them  chemically  are  Mineral  sub- 
stances. The  dyes  need  generally  to  be  ‘ fixed’  by  some  ‘ mordant 
but  the  effects  of  chemical  agents  are  usually  permanent.  The 
staining-processes  may  be  used  either  before  or  aiter  section-cutting, 
according  to  circumstances.  Where  the  substance  is  in  mass,  and 
is  not  readily  penetrable  by  the  stainiag  fluid  (which  is  especially 
liable  to  be  the  case  where  it  has  been  hardened  in  chromic  acid),  it 
is  generally  better  to  stain  the  sections  after  cutting,  if  they  hold 
sufficiently  well  together  to  bear  being  transferred  from  one  fluid 
to  another.  And  if  the  substance  is  to  be  imbedded  in  gum,  and 
cut  with  the  freezing  Microtome,  it  is  generally  preferable  to  stain 
the  sections  after  they  have  been  cut ; as  the  processes  necessary  for 
the  removal  of  the  gum  would  be  hkely  also  to  remove  the  dye. 
But  where  the  substance  to  be  cut  has  to  be  penetrated  by  wax  or 
jDaraffine,  it  is  better  that  the  staining  should  be  effected  in  the  first 
instance.  As  a general  rule,  it  is  better  that  where  the  substance 
is  to  be  stained  en  masse,  the  staining  fluid  should  be  weak  and  its 
action  slow  ; because  in  tha,t  mode  the  stain  is  more  equably  dif- 
fused. When,  on  the  other  hand,  the  process  is  made  use  of  with 
thin  sections,  it  is  convenient  that  the  action  should  be  more  rapid, 
and  the  staining  fluid  may  therefore  be  stronger  ; but  unless  its 
operation  be  carefully  watched  so  as  to  be  stopped  at  the  right  stage, 
the  whole  tissue  may  be  deeply  dyed,  and  the  value  of  the  selective 
staining  altogether  lost. 

201.  It  will  generally  be  found  convenient  to  carry-on  the 
staining  of  thin  sections  either  in  watch-glasses,  or  in  small  cups 
of  white  porcelain ; but  care  must  be  taken  not  to  place  many  sec 
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tions  together  so  as  to  lie  one  npon  another,  as  tliis  will  prevent  I 


the  staining  from  being  uniform.  Small  delicate  sections  may  | 


often  be  advantageously  stained  upon  the  glass  slides  upon  which 
they  are  to  be  mounted  ; a pool  of  the  staining  fluid  being  made 
upon  the  slide,  to  be  removed,  when  the  staining  has  proceeded  far 
enough,  by  the  small  glass  Syringe  (§  127).  It  is  even  possible  to 
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stain  a section  after  it  lias  been  covered  with  thin  glass,  by  deposit- 
ing the  fluid  in  contact  ivith  one  edge  of  the  glass  cover,  and  draw- 
ing it  through  by  applying  a bit  of  blotting-paper  to  the  opposite 
margin ; and  the  process  may  thus  be  performed  while  the  section 
is  actually  under  observation  on  the  stage  of  the  Microscope,  the 
staining  Hquid  being  withdrawn  in  the  same  manner  when  the 
desired  effect  has  been  produced,  and  being  replaced  by  the  preserva- 
tive medium. — F or  taking-uji 
sections  without  injury  to 
them,  and  transferring  them 
from  one  vessel  to  another, 
recourse  may  be  advanta- 
geously had  to  the  ‘ lifter’  of 
Dr.  Sylvester  Marsh*  (Fig. 

137) ; which  is  a striji  of 
German  silver  or  copper  of 
the  thickness  of  stout  card- 
board, 7 inches  long  and 
5-8ths  inch  broad,  each  end 
of  which,  carefully  smoothed 
and  rounded,  is  to  be  turned 
at  the  distance  of  5-8ths  inch 
to  an  angle  of  about  35°.  One 

• end  is  to  be  left  plain,  for 
lifting  the  section  with  some 

• of  its  fluid,  when  it  is  to  be  deposited  on  a slide  ; while  the  other 
! is  perforated  for  letting  the  fluid  escape,  when  the  section  is  to  be 
1 floated-off  into  a vessel  filled  with  some  different  fluid. 

202.  The  relative  value  of  different  Staining  Agents,  the  best 
imodes  of  applying  them,  and  the  benefits  derivable  from  their  use 
iin  the  study  of  the  minute  structure  of  Man  and  the  higher  Ani- 
I mals,f  have  now  been  pretty  fully  determined  by  Histologists  ; and 
•.considerable  progress  has  also  been  made  in  the  application  of  the 
^differential  staining  process  to  the  various  parts  of  the  higher 
\ V^egetable  fabrics.];  _ But  there  is  still  a wide  field  which  has  been 
lis  yet  but  little  cultivated,  in  the  aiDplication  of  the  staining  pro- 
cess to  the  sindy  of  the  lower  Organisms  of  both  Kingdoms  : and 
I wery  one  who  is  engaged  in  the  minute  investigation  of  any  par- 
Kmular  gi’oup,  must  work  out  for  himself  the  modifications  which 
ji.he  orcbnary  methods  may  require.  AU  that  can  be  here  attempted, 
hs  to  give  such  directions  as  to  the  agents  to  be  employed,  and  the 
I )est  modes  of  using  them,  as  are  likely  to  be  most  generally  useful. 

I * Sec  his  useful  little  Treatise  on  “ Section-Cutting.” 

I ■ \ “ Treatises  on  Practical  Histology”  by  Prof.  Eutherford,  Prof. 

■ •chafer,  Dr.  Heneage  Gibbes,  Prof.  Eanvier,  Prof.  Prey,  and  others;  “How  to 

I vork  with  the  Microscope”  by  Dr.  Eeale ; and  Davies's  “Preparation  and 
I Microscopic  Objects  ” (2nd  Edition,  edited  by  Dr.  Mattliows). 

|.  I I his  has  been  chiefly  carried  out  in  the  United  States  by  Dr.  Beattj^  Mr 
I vaimsiey,  and  Mr.  Merriinan,  whoso  processes  are  described  in  the  successive 

■ oiunies  of  the  “American  Jounial  of  Microscopy.” 
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a.  Carmine. — This  was  one  of  the  first  Dyes  employed  for  staining 
purposes ; and  its  value  was  specially  insisted-on  by  Dr.  Beale,  as  enabling 
living  Protoplasm  (by  him  designated  ‘germinal  matter,’  or  ‘Ihoplasm’) 
to  be  distinguished  from  any  kind  of  ‘ formed  material.’  It  has  a special 
affinity  for  cell-nuclei  (protoplasts)  and  the  axial  cylinders  of  white 
nerve-fibres ; and  thus,  if  the  substance  to  be  stained  be  only  left  in  the 
carmine-fluid  long  enough  for  it  to  dye  these  substances,  they  are 
strikingly  differentiated  from  all  others.  It  is  essential  that  the  fluid 
should  have  a slight  alkaline  reaction,  especially  where  the  substance 
has  been  hardened  with  chromic  acid.  The  presence  of  too  much  alkali 
is  injurious  ; the  want  of  it,  on  the  other  hand,  causes  the  dye  to  act  on 
the  tissues  generally,  and  thus  negatives  its  differentiating  effect.  Dr. 
Beale  directs  it  to  be  prepared  as  follows  ; — Ten  grains  of  Carmine  in 
small  fragments  are  to  be  placed  in  a test-tube,  and  half  a drachm  of 
strong  Liquor  Ammonite  added ; by  agitation  and  the  heat  of  a spirit- 
lamp  the  carmine  is  soon  dissolved,  and  the  liquid,  after  boiling  for  a few 
seconds,  is  to  be  allowed  to  cool.  After  the  lapse  of  an  hour,  much  of 
the  excess  of  ammonia  will  have  escaped;  and  the  solution  is  then  to  be 
mixed  with  2 oz.  of  Distilled  Water,  2 oz.  of  pure  Glycerine,  and  4 oz. 
of  Alcohol.  The  whole  may  be  passed  through  a filter,  or,  after  being 
allowed  to  stand  for  some  time,  the  perfectly  clear  supernatant  fluid 
may  be  poured  off  and  kept  for  use.  If,  after  long  keeping,  a little  of 
the  Carmine  should  be  deposited  through  the  escape  of  the  Ammonia, 
the  addition  of  a drop  or  two  of  Liquor  Ammonise  will  re-dissolve  it. 
Prof.  Rutherford  recommends  that,  for  slow  but  more  certain  staining, 
the  liquid  should  at  once  be  put  into  a stoppered  bottle,  so  as  not  to  allow 
the  ammonia  to  evaporate,  and  should  be  diluted  by  the  addition  of  from 
two  to  seven  volumes  of  water.  Carmine  is  used  as  a general  stain  in 
‘ double  staining’  (§  203) ; and  a suitable  fluid  for  this  purpose  is  made 
by  mixing  30  grains  of  carmine  with  2 drachms  of  borax,  and  4 fl.  oz.  of 
water,  and  pouring  off  the  clear  supernatant  fluid. — To, ^ the  stain  of 
carmine,  the  section  should  be  immersed  for  a few  minutes  in  a mixture 
of  five  drops  of  glacial  Acetic  acid  and  1 oz.  of  water. 

h.  Picro-Carminate  of  Ammonia,  known  as  Piero-Carmine,  is  a very 
excellent  staining  material,  which  is  applicable  to  a great  variety  of  pur- 
poses. Being  somewhat  difficult  to  prepare,  it  is  best  purchased  ready  for 
use  (from  Martindale,  New  Cavendish  Street).  About  ten  drops  should 
be  filtered  into  a watch-glass,  and  diluted  with  distilled  water ; the 
sections  should  remain  in  the  solution  for  from  20  to  30  minutes ; and 
if  at  the  end  of  that  time  they  should  not  be  sufficiently  stained,  a little 
more  picro-carmine  should  be  added.  This  dye,  used  alone,  produces  a 
double-staining ; nuclei  fixing  upon  the  carmine,  while  otlier  tissues  are 
coloured  yellow  by  the  picric  acid.  If  the  sections  be  placed  in  methy- 
lated spirit,  they  may  be  kept  without  loss  of  colour,  and  may  be  after- 
wards subjected  to  other  processes.  If  placed  in  water,  the  picric  acid 
stain  is  removed,  while  the  carmine  is  left. 

c.  Hcematoxylin,  or  Extract  of  Logwood,  is  now  employed  more  gene- 
rally than  carmine  (which  it  much  resembles  in  action),  its  violet  colour 
being  more  pleasant  to  the  eye.  The  following  is  given  by  Kleinenberg 
as  the  best  mode  of  preparing  it : — Make  a saturated  solution  of  crystal- 
lized chloride  of  calcium  in  70  per  cent,  alcohol ; mix  one  volume  of  tins 
solution  with  from  fl  to  8 volumes  of  a saturated  solution  of  alum  in  70 
per  cent.  Alcohol  ; and  having  half  filled  a watch-glass  M'ith  this 
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mixtipe,  pour  into  it  as  many  drops  of  a concentrated  solution  of  Ha;raa- 
toxylin  in  absolute  alcohol  as  will  serve  to  give  the  required  intensity  of 
colour.  The  object  must  remain  in  the  dye  for  a period  varying  from  a 
few  minutes  to  six  hours,  according  to  its  size  and  the  nature  of  the 
tissues  composing  it,  an  I is  then  to  be  washed  in  water.  If  it  should  be 
stained  throughout,  and  it  be  desired  that  only  tissues  to  be  specially 
distinguished  should  retain  their  colour,  the  difi'iised  stain  may  be 
removed  by  immersion  in  rectified  or  methylated  spirit,  or  in  a 1-half  per 
cent,  solution  of  alum. — The  follo%ving  is  another  formula  given  by 
Dr.  Gibbes  ; — Mix  6 grammes  of  Extract  of  Logwood  (as  obtainable 
from  Martindale,  New  Cavendish  Street)  with  IS  grammes  of  alum, 
and  add  28  cub.  centim.  of  distilled  water.  Filter,  and  add  to  the  filtrate 
1 drachm  of  spirit.  Keep  in  a stoppered  bottle  a week  before  using.  If 
what  remains  on  the  filter  be  mixed  with  14  cub.  centim.  of  distilled 
water,  and,  after  soaking  for  an  hour  or  two,  be  filtered,  and  A drachm  of 
spirit  be  then  added,  a second  solution  will  be  made  as  strong'as  the  first. 
From  7 to  10  drops  of  this  solution  are  to  be  dfiuted  with  a°watch-glass- 
luU  of  distilled  water ; the  best  degree  of  dilution  being  only  to  be  found 
by  trial.  All  staining  fluids  of  this  kind  are  liable  to  change  by  keeping ; 
a portion  of  the  colouring  matter  passing  out  of  solution,  and  beinv 
deposited  on  the  sides  and  bottom  of  the  vessel  containing  it.  A deposit 
of  the  same  kind  is  liable  to  occur  on  the  specimen  during  the  staining, 
especially  if  the  process  be  prolonged  ; and  it  is  better  in  such  cases  at 
once  to  ^transfer  the  specimen  to  a fresh  solution.  When  sufficiently 
stained,  the  specimens  may  be  treated  with  methylated  spirit,  which 
the  colour;  whilst,  if  the  staining  has  been  carried  too  far,  the 
’ excess  of  colour  may  be  removed  by  the  Acetic-acid  mixture  which  is 
used  to  fix  carmine.— If  the  substance  to  be  stained  with  Logwood 
should  have  been  previously  hardened  with  chromic  acid,  it  should 
be  previously  steeped  in  a weak  solution  of  bicarbonate  of  soda. 

o.  Magenta  nearly  the  same  selective  staining  property  as  carmine ; 
r and  is  useful  in  the  examination  of  specimens  for  which  rapid  action  and 
'Sharp  definition  are  required.  But,  like  other  Aniline  dyes,  it  is  liable 
. to  fade : and  should,  therefore,  not  be  employed  for  permanent  prepara- 
i.tions.  Ordinary  ma,genta  fluid  may  be  prepared  by  dissolving  li  grains 
m crystals  in  7 fl.  oz.  of  distilled  water,  and  addins  J-  fl.  oz.  of 

a#  rectified  spirit.  The  colour  of  a section  stained  with  this  may  be 
preserved  for  some  time,  by  immersing  it  in  a l-3rd  per  cent.  Avatery 
solution  of  corrosive  sublimate. 

e.  Eosin,  which  dyes  the  tissues  generally  of  a beautiful  garnet-red 
colour  should  be  used  in  a strong  watery  solution  ; and  the  sections 
must  be  well  washed  in  water  after  staining.  Its  chief  use  is  in  ‘ double 
staining  (§  203). 

/.  For  W«e  and  green  staining,  the  Amrious  Aniline  dyes  are  princi- 
oaUy  i^ised.  They  are,  for  the  most  part,  however,  rather  fugitive  in 
- leir  ettects ; not  forming  durable  combinations  with  the  tissues  they 
' am.  .borne  of  them  are  soluble  in  Avater,  others  only  in  sinrit : and 
me  selection  betvveen  the  dyes  of  these  tAvo  classes  will  have  to  be 
f A preparations  are  treated.  These  dyes 

fixed  by  benzole  ; and  as  the  sections  treated 
t rronf  mouiited  in  Canada  balsam,  there  is 

1*  ^+F  A H*  colours  being  preserved.  Besides  blue  and 

' ’ > mime  series  furnishes  a deep  rich  brown,  known  as  Bismarck’s 
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uenT!^  ^ i^«e-Wac7<;,  which  has  been  recommended  for  staining 


(tending  to  purple)  is  also  given  by  the  substance 
teimeri  Indujo-Carmme ; which  is  iiarticularly  recommended  for  sections 
ot  tlie  brain  and  spinal  cord  that  have  been  hardened  in  chromic  acid.  A 
saturated  solution  of  the  powder  in  distilled  water  having  been  preiiared 
this  may  either  be  used  with  the  addition  of  about  4 per  cent,  of 
oxalic  acid  ; or,  if  an  alcoholic  fluid  be  preferred,  methylated  spirit  inav 
be  added  to  the  aqueous  solution,  the  mixture  being  Altered  to  remove 
any  colouring  matter  that  may  have  been  precipitated.  If  sections  thus 
stained  have  an  excess  of  colour,  this  may  be  removed  by  the  action  of  a 
saturated  solution  of  oxalic  acid  in  alcohol. 


h.  A beautiful  green  hue  is  given  by  treating  with  a saturated  solution 
ot  ricnc  acid  m water,  sections  previously  stained  with  Aniline  blue  • 
or  the  two  agents  may  be  used  together,  4 or  5 parts  of  a saturated 
solution  of  the  latter  being  added  to  a saturated  aqueous  solution  of  the 
former.  Thiz pieiy-aniline,  it  is  believed,  may  be  relied-on  for  permanence ; 
and  it  acts  well  in  double  staining  with  picro-carmine. 

i.  Two  chemical  agents,  Nitrate  of  Silver  and  Chloride  of  Gold  are 
much  used  by  Histologists  for  bringing-out  particular  tissues  • ' the 
former  being  especially  valuable  for  the  staining  of  Epithelium-cells  • 
the  latter  for  staining  Nerve-cells,  Connective-tissue  corpuscles.  Tendon- 
cells,  and  Cartilage-ceUs.  The  most  advantageous  use  of  these  can  only 
be  made  by  the  careful  observance  of  the  directions  which  will  be  found 
in  treatises  on  Practical  Histology. 

L M olyhdate  of  Ammonia  is  recommended  as  affording  a cool  blue-r<rey 
or  neutral-tint  general  stain,  which  affords  a pleasant  ‘ground’  to  imts 
strongly  coloured  by  bright  selective  stains. 


203.  Double  and  Triple  Staining. — Very  instructive  as  well  as 
beautiful  effects  are  produced  by  the  simultaneous  or  successive 
action  of  two  or  three  staining  fluids  ; which  will  respectively  pick 
out  (so  to  speak)  the  parts  of  a section  for  which  they  have  sjiecial 
affinities.  Thus,  if  a section  through  the  base  of  the  tongue  of  a 
cat  or  dog,  be  stained  with  picro-carmine,  rosein,  and  iodine-gi’eeu. 
the  muscle-flbres  will  take  the  first,  the  connective  tissue  and  pro- 
toplasm of  cells  will  be  coloured  by  the  second,  while  the  third  will 
lay  hold  of  the  nuclei  in  the  sujacrficial  epithehum,  serous  glands, 
and  non-striated  muscle  in  the  vessels ; and,  further,  the  mucous 
glands  will  show  a purj)le  formed  by  the  combined  action  of  the 
red  and  green  (Gibbes).*  A very  striking  contrast  of  the  Hke  kind 
is  shown  in  the  double  staining  of  the  frond  of  a Fern  with  log- 
wood and  aniline  blue;  the  sori  taking  the  latter,  and  standing  out 
brilliantly  on  the  general  surface  tinged  by  the  former. — The  effects 
jDroduced  by  using  one  stain  after  the  other,  are  generally  much 
better  than  those  obtained  by  simultaneous  staining.  The  selective 
action  of  a second  stain  is  not  prevented  by  a jirevious  general 
staining ; for  the  dye  wliich  gives  the  latter  seems  to  be  more 

* See  his  “Practical  Histology,’’  Chap,  v.,  aud  his  Paper  in  “ Jouru.  of  Boy. 
Microsc.  Soc.,”  Vol.  iii.  (1880),  p.  390. 
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weakly  held  by  the  parts  which  take  the  fornier,  so  as  to  be  (as  it 
were)  displaced  by  it.  Thus,  if  a section  of  a Stem  be  stained 
throughout  by  a solution  of  Eosin  (2  grains  to  1 oz.),  and  be  then 
placed,  after  wasliing  in  strong  alcohol,  in  a half-grain  solution  of 
.Nicholson’s  blue  made  neutral,  the  blue  will  in  no  long  time 
entirely  diive  out  the  red ; but  by  carefully  watching  the  process,  it 
will  be  seen  that  the  different  tissues  will  change  colour  in  different 
times,  the  softer  cells  giving  up  their  red  and  taking-in  the  blue 
i more  quickly  than  the  harder ; so  that,  by  stopping  the  process  at 
• the  right  point  (which  must  be  determined  by  taking-out  a section, 
dipping  it  in  alcohol,  and  examining  it  under  the  microscope),  the 
two  kinds  of  cells  ai'e  beautifully  differentiated  by  their  coloui’ing.* 
1 ' 'fhe  best  effects  are)  usually  produced  by  Carmine  and  Indigo- 
; i carmine.  Logwood  and  Picro-carmine,  Caiunine  or  Logwood  and 
( ikniline-blue  or  Aniline-gi'een.  But  very  much  has  yet  to  be 
3i  learned  on  this  subject ; and  the  further  investigation  of  it  will  be 

jl  hkely  to  produce  results  that  will  amply  repay  the  time  and  labour 

K . bestowed. 

I 204.  Gh-emical  Testing. — It  is  often  requisite,  alike  in  Biological 
t;  and  in  Mineralogical  investigations,  to  apply  Chemical  Tests  in 

I minute  quantity  to  objects  under  Microscopic  examination. 
Various  contrivances  have  been  devised  for  this  purpose  ; but  the 
Author  would  recommend,  from  his  own  experience,  the  small 
glass  Syi-inge  abeady  described  (Fig.  106),  with  a fine-pointed 
nozzle,  as  the  most  convenient  instrument.  One  of  its  advantages 
is  the  very  precise  regulation  of  the  quantity  of  the  test  to  be 
deposited,  which  can  be  obtained  by  the  dexterous  use  of  it; 
whilst  another  consists  in  the  power  of  withdrawing  any  excess. 
Care  must  be  taken  in  using  it,  to  avoid  the  contact  of  the  test- 
liquid  with  the  packing  of  the  j)iston. — Whatever  method  is 
employed,  great  care  should  be  taken  to  avoid  carrying  away 
from  the  ^ shde  to  which  the  test-liquid  is  applied,  any  loose  par- 
ticles winch  may  lie  uj)on  it,  and  which  may  be  thus  transferred 
to  some  other  object,  to  the  great  perplexity  of  the  IMicroscopist. 
For  testing  Inorganic  substances,  the  ordinary  Chemical  Eeagents 
are  of  course  to  be  employed;  but  certain  special  Tests  are 
required  in  Biological  investigation,  the  following  being  those 
most  frequently  required : 

a.  Solution  of  Iodine  in  water  (1  gr.  of  iodine,  3 grs.  of  iodide  of 
pot^sium,  1 oz.  of  distilled  water)  turns  Starch  blue  and  CfeZZzdose  brown  ; 
it  also  gives  an  intense  brown  to  Albuminous  substances. 

_ h.  Dilute  Sulphuric  Acid  (one  of  acid  to  two  or  three  parts  of  water), 
'ives  to  Cellulose  that  has  been  previously  dyed  with  iodine  a blue  or 
ouiplehue;  also,  when  mixed  with  a solution  of  sugar,  it  gives  a rose - 

• D deep,  with  Nitrogenous  substances  and  with  bile 

Pettenkofer’s  test). 

c.  What  i.s  known  as  Schulze’s  Test  is  a solution  of  Chloride  of  Zinc, 
oume,  and  Iodide  of  Potassium,  made  in  the  following  way: — Zinc  is 

See  “ Journ.  of  Eoy.  Microsc.  Soc.,”  Vol.  iii.  (1880),  p.  C04. 
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dissolved  in  Hydrochloric  acid,  and  the  solutiori  is  permitted  to  evaporate 
in  contact  with  metallic  zinc,  until  it  attains  the  thickness  of  a syrup  ; 
this  syrup  is  then  saturated  'vvith  iodide  of  potassium,  and  iodine  is  last 
added.  This  solution  serves,  like  the  preceding,  to  detect  the  presence  of 
Cellulose  ; and  has  the  advantage  over  sulphuric  acid  of  being^less  destruc- 
tive to  the  tissues.  Each  will  sometimes  succeed  where  the  other  fails ; 
consequently,  in  doubtful  cases,  both  should  be  employed. 

d.  Concentrated  Nitric  Acid  gives  to  Albu/minoua  substances  an  intense 
yellow. 

e.  Acid  Nitrate  of  Mercimj  (Millon’s  Test)  colours  Albuminous  sub- 
stauces  red. 

f.  Acetic  Acid,  which  should  be  kept  both  concentrated  and  diluted 
with  from  3 to  5 parts  of  water,  is  very  useful  to  the  Animal  Histologist 
from  its  power  of  dissolving,  or  at  least  of  reducing  to  such  a state  of 
transparence  that  they  can  no  longer  be  distinguished,  certain  kinds 
of  membranous  and  fibrous  tissues,  so  that  other  parts  (especially  nuclei) 
are  brought  more  strongly  into  view. 

g.  Solution  of  Caustic  Potass  or  Soda  (the  latter  being  generally  prefer- 
able) has  a remarkable  solvent  effect  upon  many  Organic  substances,  both 
Animal  and  Vegetable  ; and  is  extremely  useful  in  rendering  some  struc- 
tures transpai’ent,  whilst  others  are  brought  into  view, — its  special  action 
being  upon  horny  textures,  whose  component  cells  are  thus  rendered 
more  clearly^  distinguishable. 

h.  Ether  dissolves  Eesins,  Fats,  and  Oils  ; but  it  will  not  act  on  these 
through  membranes  penetrated  with  watery  fluid. 

i.  Alcohol  dissolves  Itesins  and  some  Volatile  Oils  ; but  it  does  not 
act  on  ordinary  Oils  and  Fats.  It  coagulates  Albuminous  matters, 
and  consequently  renders  more  opaque  such  textures  as  contain  them. 
The  opacity,  however,  may  be  removed  by  the  addition  of  a small  quan- 
tity of  Soda. 

205.  PreservativG  Media. — We  have  now  to  consider  the  various 
modes  of  joreserving  the  preparations  that  have  been  made  by  the 
several  methods  now  indicated ; and  shall  first  treat  of  such  as 
are  ajophcable  to  those  minute  Animal  and  Vegetable  organisms, 
and  to  those  Sections  or  Dissections  of  large  structures,  which  are 
suitable  for  being  mounted  as  transpao'ent  objects.  A broad  dis- 
tinction may  be  in  the  first  place  laid  down  between  resinous  and 
aqueous  preservative  media;  to  the  former  belong  only  Canada 
Balsam  and  Dammar  ; whilst  the  latter  include  all  the  mixtures  of 
which  Water  is  a component. — The  choice  between  the  two  kinds  of 
media  will  partly  depend  upon  the  nature  of  the  jprocesses  to  which 
the  object  may  have  been  previously  subjected,  and  partly  upon 
the  degree  of  transparence  which  may  be  advantageously  imparted 
to  it.  Sections  of  substances  which  have  been  not  only  imbedded 
in,  but  penetrated  by  paraffine,  wax,  or  cacao-butter,  and  have  been 
stained  (if  desired)  previously  to  cutting,  are,  as  a rule,  most  con- 
veniently mounted  in  Canada  balsam  or  Dammar ; since  they  cim 
be  at  once  transferred  to  either  of  these  from  the  menstruum  by 
which  the  imbedding  material  has  been  dissolved-out.  The  dura- 
bihty  of  this  method.of  mounting  makes  it  preferable  in  all  cases  to 
which  it  is  suitable  ; the  exception  being  where  it  renders  a very 
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tliin  section  too  transparent,  wlricli  is  specially  liable  to  liapjien 
with  Dammar. — When  it  is  desired  to  mount  in  either  of  these 
media  Sections  of  structures  that  have  been  imbedded  in  gum  or 
gelatine,  these  substances  must  first  be  completely  dissolved-out 
by  steeping  in  water ; the  sections  must  then  be  ‘ dehydrated  ’ by 
subjecting  them  to  mixtures  of  spirit  and  water  progressively 
increased  in  strength  to  absolute  alcohol  ; and  after  this  has  been 
effected,  they  are  to  be  transferred  to  tuipentine,  and  thence  to 
benzole.  In  this  process  much  of  the  staining  is  aj)t  to  be  lost ; so 
that  stained  sections  are  often  more  advantageously  mounted  in 
some  of  those  aqueous  preparations  of  Glycerine,  wliich  approach 
th5  resinous  media  in  transjparence  and  permanence. — When 
Canada  balsam  was  first  employed  for  mounting  preparations,  it 
was  emj)loyed  in  its  natural  semifluid  state,  in  Avhich  it  consists  of 
a solution  of  resin  in  volatile  oil  of  tur^Dentine ; and  unless  a large 
proportion  of  the  • latter  constituent  was  driven  off  by  heat  in  the 
process  of  mounting  (bubbles  being  thus  formed  of  which  it  was 
often  difficult  to  get  rid),  or  the  mounted  slide  was  aftenvards 
subjected  to  a more  moderate  heat  of  long  continuance,  the  balsam 
would  remain  soft,  and  the  cover  liable  to  displacement.  This  is 
avoided  by  the  method  now  generally  adopted,  of  j>reviously  getting 
rid  of  the  turpentine  by  protracted  exposure  of  the  balsam  to  a 
heat  not  sufficient  to  boil  it,  and  dissolving  the  resin  thus  obtained 
' either  in  benzole  or  chloroform,  the  solution  being  made  (with  the 
.aid  of  gentle  heat)  of  such  viscidity  as  will  allow  it  to  ‘ run’  freely 
when  shghtly  warmed;  Either  of  these  solvents  evaporates  so 
much  more  quickly  than  turpentine,  that  the  balsam  left  behind 
1 hardens  in  a comparatively  short  time. — The  natural  Balsam,  how- 
eever,  may  be  preferably  used  (with  care  to  avoid  the  liberation  of 
jlbubbles  by  overheating)  in  mounting  sections  already  cemented  to 
tthe  slides  by  hardened  balsam  (§  ly3) ; and  also  for  mounting  the 
ihitinous  textures  of  Insects,  which  it  has  a peculiar  power  of 
endering  transparent,  and  which  seem  to  be  penetrated  by  it 
more  thoroughly  than  they  are  by  the  artificially-]Drepared  solu- 
;.ion  (§  210). — The  solution  of  Dammar  in  benzole  is  very  convenient 
:o  work  with,  and  hardens  quickly. 

206.  The  following  are  the  principal  aqueous  media  whose  value 
las  been  best  tested  by  general  and  protracted  experience  : — 

а.  Fresh  specimens  of  minute  Protopliytes  can  often  be  very  well  pre- 

■ erved  in  Distilled  Water  saturated  with  Camphor ; the  complete  exclu- 
li  ion  of  air  serving  both  to  check  their  living  actions  and  to  prevent  decom- 

1 'Osing  changes.  When  the  preservation  of  colour  is  not  a special  object, 
Lbout  a tenth  part  of  Alcohol  may  be  added,  and  this  will  be  found  a 
■iiutable  medium  for  the  preservation  of  many  delicate  Animal  textures. 

б.  Aqueous  Solution  of  Carbolic  Acid. — Even  the  very  small  quantity  of 
ms  agent  which  cold  water  will  take  up,  has  a powerful  preservative 
fleet ; and  the  solution  may  be  advantageously  employed  for  mounting 

■ reparations  of  many  delicate  structures,  both  Animal  and  Vegetable, 
f,  Ihe  same  may  be  said  of  Salycylic  Acid,  which  has  been  very  success- 
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fully  employed  for  delicate  preparations  in  the  small  proportion  that  will 
dissolve  in  cold  water.  For  coarser  structures  a stronger  solution  is  pre- 
ferable : and  this  may  be  made  by  combining  with  the  acid  a small 
quantity  either  of  borax  dissolved  in  glycerine  or  of  acetate  of  potass. 

d.  Where  the  preservation  of  minute  histological  detail  is  not  so  much 
desired,  as  the  exhibition  of  larger  structural  features  of  objects  to  be 
viewed  by  reflected  light,  nothing  is  better  than  Dilute  Spirit ; the  pro- 
portion most  generally  serviceable  being  1 of  Alcohol  to  4 or  5 of  water ; 
and  an  even  weaker  mixture  serving  to  prevent  further  change  in  tissues 
already  hardened  by  strong  Alcohol.  The  (Author  has  a series  of  the 
beautiful  Peutacrinoid  larvm  of  Comatula  (Plate  xxi.)  thus  preserved  in 
cells  twenty  years  ago ; which  are  as  perfect  as  when  first  moimted. 
These  weaker  mixtures  have  no  action  on  Gold  Size. 

Of  late  years,  Glycerine  has  been  largely  used  as  a preservative ; 
either  alone,  according  to  the  method  of  Dr.  Beale  (§  208),  or 
diluted  with  water,  or  mixed  with  gelatinous  substances. — It  is 
much  more  favourable  to  the  preservation  of  colour  than  most 
other  media ; and  is  therefore  specially  useful  as  a constituent  of 
fluids  used  for  mounting  Vegetable  objects  in  their  natural  aspects. 
It  has  also  the  property  of  increasing  the  transparence  of  Animal 
structures,  though  in  a less  degree  than  resinous  substances ; and 
may  thus  be  advantageously  employed  as  a component  of  media  for 
mountiug  objects  that  are  rendered  too  transparent  by  Balsam  or 
Dammar. — Two  cautions  should  be  given  in  regard  to  the  employ- 
ment of  Glycerine  ; first,  that,  as  it  has  a solvent  power  for  Car- 
bonate of  Lime,  it  should  not  be  used  for  mounting  any  object 
having  a calcareous  skeleton ; and  second,  that  in  proportion  as  it 
increases  the  transparence  of  organic  substances,  it  diminishes  the 
reflecting  power  of  their  surfaces,  and  should  never  be  employed, 
therefore,  in  the  mounting  of  objects  to  be  viewed  by  reflected  hght. 
although  many  objects  mounted  in  the  media  to  be  presently 
specified  are  beautifully  shown  by  ‘ black-ground’  illumination. 

e.  A mixture  of  one  part  of  Glycerine  and  two  parts  of  Camphor-water 
may  be  used  for  the  preservation  of  many  V egetable  structures. 

f.  For  preserving  soft  and  delicate  Marine  Animals  which  are  slui- 
velled-up,  so  to  speak,  by  stronger  agents,  the  Author  has  found  a mixture 
of  1 part  of  Glycerine  and  1 of  Spirit  with  8 or  10  parts  of  Sea  Water,  tbe 
most  suitable  preservative. 

g.  For  preserving  minute  Vegetable  preparations,  the  following  method, 
devised  by  Hantzsch,  is  said  to  be  pec\diarly  eflicient : — A mixture  is  made 
of  .3  parts  of  pure  Alcohol,  2 parts  of  Distilled  Water,  and  1 part  of  Gly- 
cerine ; and  the  object,  laid  in  a cement-cell,  is  to  be  covered  with  a drop 
of  this  liquid,  and  then  put  aside  under  a bell-glass.  The  Alcohol  and 
Water  soon  evaporate,  so  that  the  Glycerine  alone  is  left ; and  another 
drop  of  the  liquid  is  then  to  be  added,  and  a second  evaporation  per- 
mitted; the  process  being  repeated,  if  necessary,  until  enough  Glycerine 
is  left  to  fill  the  cell,  which  is  then  to  be  covered  and  closed  in  the  usual 
mode.* 

* See  the  Eev.  W.  W.  Spicer’s  “ IlaniB'-Book  to  the  Collection  and  Prcixnn- 
tion  of  Freshwater  and  Marine  Algas,  &c.,”  pp.  57-59.  “ Nothing,”  says  Mr. 
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It.  The  Glycerine  J elly  prepared  after  the  manner  of  Mr.  Lawrence  mav  hp 
strongly  recommended  as  suitable  for  a great  variety  of  objects  Animal 
well  as  y^etable,  subject  to  the  cautions  already  given  : — “Take  anv 
quantity  of  Iselson^  Gelatine,  and  let  it  soak  for  two  or  three- hours  m 
cold  water , pour  off  the  superfluous  water,  and  heat  the  soaked  eelatine 
until  melteL  To  each  fluid  ounce  of  the  Gelatine  add  one  drimhm  of 
Alcohol  and  mix  well ; then  add  a fluid  drachm  of  the  white  of  an  eo-ir 
Mix  well  while  the  Gelatine  is  fluid,  but  cool.  Now  boil  until  the  alSui 
men  coagidates,  and  the  gelatine  is  quite  clear.  Filter  throuo-h  fine 

clariBed  Gelatine  add  six  fluid 
Glycerine,  and  mix  weE.  For  the  s^J  E 
drachms  of  Glycerine,  a mixture  of  two  parts  of  Glycerine  to  four  of  Cam- 
lAor-water  may  be  substituted.  The  objects  intended  to  be  mounted  ^ 

E T immersed  for  some  time  in  a mix- 

hS  tfr;  nf  of  Glycerine  with  one  part  of  diluted  Alcohol  (I  of  alco- 
hol  to  O of  water).  A small  quantity  of  Carbolic  acid  may  be  added 

liqueSby  gentle 

^’i  ? slide  and  the  cover-Mass 

p eviously  to  mountmg.-This  takes  the  place  of  what  w^as  formeriv 

?.  For  objects  which  would  be  injured  by  the  small  amount  nf 
required  to  liquefy  the  last- mentioned  medium,  the  Glycenne  and  Gum 
Medium  of  Mr.  Farrants  will  be  found  very  useful.  TliisTs  made  E ^ 

Gum  Arabic  in  4 parts  M cdd  D s 

r t .able  tissues,  and  in  most  cases  increases  their  transparence.  ^ 

1 impossible  to  predicate  beforehand  what  nreser 

ill  ative  medium  wiU  answer  best  for  a particular  kind  of  pr^ar^' 

'untpG  coiisequently  desirable,  where  there  is  no^S  of 

natenal,  to  mount  similar  objects  in  two  or  three  differput  -nr 
aarkmg  on  each  slide  the  method  employed  a^d  compa^rYhe 
tremens  from  time  to  time,  so  as  to  judge  the  condition  of  each 
207.  In  dedmgwith  the  small  quantities  of  fluid  media  reauired  in 
uountmg  Microscopic  objects,  it  is  essential  for  the  oneS  to  he 
.rOTided  with  the  means  of  transferring  very  smS  oSttie.  ? ^ 
he  vessels  containing  them  to  the  slide  Y well  ^ 

■ 1C,  i. 
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in  continual  iise,  it  will  be  found  very  convenient  to  keep  it  in  tlie 
small  IJropping-bottle  represented  in  Fig.  138.  The  stopper  is  per- 
foi'ated,  and  is  elongated  below  into  a line  tube,  whilst  it  expands 

above  into  a bulbous  funnel,  the  mouth 
of  which  is  covered  with  a piece  of  thin 
Vulcanized  India-rubber  tied  firmly  round 
its  lip.  If  iDressure  be  made  on  this  cover 
with  the  point  of  the  finger,  and  the  end 
of  the  tube  be  immersed  in  the  liquid  in 
the  bottle,  this  will  rise  into  it  on  the  re- 
moval of  the  finger ; if,  then,  the  funnel 
be  inverted,  and  the  pressure  be  re-applied, 
some  of  the  residual  air  will  be  forced 
out,  so  that  by  again  immersing  the 
end  of  the  tube,  and  removing  the  pres- 
sure, more  fluid  will  enter.  This  operation 
may  be  repeated  as  often  as  may  be  neces- 
sary, until  the  bulb  is  entirely  filled ; and 
when  it  is  thus  charged  with  fluid,  as  much 
or  as  little  as  may  be  needed  is  then  readily  expelled  from  it  by 
the  pressure  of  the  finger  on  the  cover,  the  bulb  being  always 
refilled  if  care  be  taken  to  immerse  the  lower  end  of  the  tube 
before  the  pressure  is  withdrawn.  The  Author  can  speak  from 
large  experience  of  the  value  of  this  little  implement ; as  he  can 
also  of  the  utility  of  the  small  Glass  Syringe  (§  127)  for  the  same 
jmrpose,  and  this  not  only  for  fine  Aqueous  liquids,  but  also  for 
Glycerine  jelly,  and  Canada  balsam.  For  these  media  having  been 
poured,  when  liquefied  by  warmth,  each  into  its  own  syringe  (its 
piston  having  been  previously  drawn  out),  can  be  forced  out  as 
occasion  requires,  by  pressure  on  the  replaced  piston,  which  may 
be  graduated  with  great  nicety,  when  the  syifinge  has  been  gently 
warmed  by  lying  for  a short  time  on  the  Water-bath  cover  (§  177). 
Farrants’s  medium  may  be  conveniently  used  in  the  same  manner. 
But  the  solutions  of  Canada  Balsam  and  Gum  Dammar  in  volatile 
fluids  will  not  be  sufficiently  secure  from  change  by  evaporation 
through  the  point  of  the  syringe ; and  are  better  kept  in  wide- 
mouthed capped  jars,  the  liquid  being  takeu-out  on  a pointed  glass 
rod,  or  ‘ stirrer,’  cut  to  such  a length  as  will  enable  it  to  stand  in 
the  jar  when  its  cap  is  in  place. — Great  care  should  be  taken  to 
keep  the  inside  of  the  cap  and  the  part  of  the  neck  of  the  jar  on 
which  it  fits,  quite  dean,  so  as  to  jirevent  the  fixation  of  the  n^k 
by  the  adhesion  between  these  two  surfaces.  Should  such  adhesion 
take  place,  the  cautious  application  of  the  heat  of  a spirit-lamp 
ivill  usually  make  the  cap  removable.  In  taking  out  the  liquid, 
care  should  be  taken  not  to  drop  it  prematurely  from  the  rod,— 
mischance  which  may  be  avoided  by  not  taking  up  more  than  it  will 
properly  carry,  and  by  holding  it  in  a horizontal  position,  after 
drawing  it  out  of  the  bottle,  until  its  point  is  just  over  the  slip 
or  cover  on  which  the  liquid  is  to  be  deposited. 


Fig.  138. 


Droiiping-Bottle. 
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208.  Mountiirr/  Thin  Sections. — The  thin  sections  cnt  bv  the 
Microtome,  or  mentraues  obtained  by  Dissection,  do  not  reqnire 
to  be  placed  in  cells  when  mounted  in  any  viscid  medium-  since 
its  tenacity  will  serve  to  keep  off  injurious  pressure  by  the  ’cover- 
g ass.  When  the  preparation  has  been  previously  immersed  in 
Aqueous  liquids,  and  is  to  be  mounted  in  glycerine,  glycerine  iellv 
or  Faijants  s medium,  the  best  mode  of  placing  it  on  the  slide^is  t6 
float  it  in  a saucer  or  shallow  capsule  of  water,  to  place  the  slide 
beneath  it,  and,  when  the  object  lies  in  a suitable  position  above  it 
to  raise  the  shde  cantioiisly,  holding  the  object  in  place  by  a needle’ 
iintil  It  IS  entirely  out  of  the  water.  The  slide  is  then  to  be  wiped 

oL  ^be  object  with  it ; 

b^l  W quantity  of  liqipd  still  surrounding  the  object  is  to 

not  £ S of  blotting-paper,  care  beiig  taken 

not  to  touch  the.  object  with  it  (as  its  fibres  are  apt  to  adhere),  or 
to  leave  any  loose  fibres  on  the  slide.  Before  the  object  is  coveiW 
it  should  be  looked,  at  under  a Dissecting  or  Mounting  Microscope 

desirable)  its  disposition  on  the 
mt ;uT  A foreign  particles  that  may  be  accidentally 

^ f (^^fi^^efied,  if  necessary,by  a gentle 

wai-mth)is  then  to  be  placed  upon  it,  and  another  drmD  placed 
. on  the  coyer  and  aUowed  to  spread  out.  The  cover  bein^  then 
taken  up  with  a pair  of  forceps,  must  be  inverted  over  the  object 
and  brought  to  touch  the  slide  at  one  part  of  its  margin ; the  slide 
bemg  itself  inclmed  in  the  direction  of  the  place  of  contact  so  that 
o e medium  accumulates  there  in  a little  pool.  By  gently  lettinn 
down  the  cover,  a ittle  wave  of  the  medium  is  pressed  befbS 
and,  d ejo^igh  of  the  medium  has  been  deposited,^  the  whole  space 
beneath  the  cover  will  be  filled,  and  the  object  completely  saturated^ 
If  air-bnbbles  should  unfortunately  show  themse W tS  ™ 

deposM^^  tJSn  quantity  of  the  medium 

aepositecl.  It,  again,  there  are  no  air-bnbbles,  but  the  merlinm 

li^aiW^bnTa  bttf  ^ ^^ed  not 

e aised,  but  a little  may  be  deposited  at  its  edge,  whence  it  will 

Et oX^h  ^^der  the  DisTecting^  MiSoscX  • 

first  pointed  out  by  Dr  Beale  — TheTlSe  ®“Ployed,  was 

for  a few  days  aftm-  whi?h  should  then  be  set  aside 

excess  of  the  medium  must  first  b^remove^^^If  Glvce^^'^^^^ ’ 
employed,  much  of  it  ■mQ-.r  .1  it  Lrlyceiine  has  been 

care  not  to  touch  the  pclo-Z^nf  Plotting-paper  (taking 

placedl  • -iTirl  tplir  -A  ^ cover,  as  it  will  be  very  easily  dis- 

bmsh  dipped  in  wat^XM*”^^^  f washed  away  with  a camel-hair 
ciippeu  in  water,  which  may  be  thus  carried  to  the  edge  of  the 
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covei’.  The  water  having  been  drawn  off,  a narrow  ring  of  liqnefic-d 
glycerine- jelly  may  be  made  aroiond — not  on — the  margin  of  the 
cover  (according  to  the  suggestion  of  Dr.  S.  Marsh)  for  the  purpose 
of  fixing  it  before  the  cement  is  applied;  and  when  this  has  set, 
the  slide  may  be  placed  on  the  Turn-table  (§  176),  and  the  prepara- 
tion ‘ sealed’  by  a ring  either  of  Dammar  or  of  Bell’s  cement,  which 
should  be  earned  a little  over  the  edge  of  the  cover,  and  outside  the 
margin  of  the  ring  of  glycerine-jelly  This  ‘ ringing’  should  be  re- 
peated two  or  three  times ; and  if  the  preparation  is  to  be  viewed 
with  ‘ oil-immersion’  lenses,  it  should  be  finished  off*  -with  a coat  of 
Hollis’s  glue,  which  is  not  attacked  by  cedar-oil.  Until  the  cover  has 
beenpeiiectly  secured,  a slide  canying  a glycerine  preparation  should 
never  be  placed  in  an  inclined  position,  as  its  cover  will  be  almost 
sure  to  slide  by  its  own  weight. — If  Glycerine- jelly  or  Farrants’s 
medium  have  been  employed,  less  caution  need  be  used,  as  the  cover- 
glass,  after  a few  days’  setting,  will  adhere  with  sufficient  firmness 
to  resist  displacement.  The  superfluous  medium  having  been  re- 
moved by  the  cautions  use  of  a knife,  the  slide  and  the  margin  of 
the  cover  may  be  completely  cleansed  by  a camel-hair  brush  dipped 
in  warm  water ; and,  when  quite  dried,  the  slide,  placed  on  the  Turn- 
table, may  be  sealed  with  Gold-size,— any  other  Cement  being  after- 
wards added,  either  for  additional  security  or  for  ‘ appearance.’ 

209.  When,  on  the  other  hand,  the  Section  or  other  preparation 
is  to  be  mounted  in  a Resinous  medium,  it  must  have  been  pre- 
viously prepared  for  this  in  the  modes  already  described  (§§  190, 
191),  which  will  present  it  to  the  mounter  either  in  Tui-pentine  or 
some  other  essential  oil,  or  in  Alcohol.  From  either  of  these  it 
may  be  transferred  to  the  slide  by  the  “lifter’  (§  201) ; its  uuper- 
f orated  end  being  employed,  so  as  to  carry  with  the  object  a small 
pool  of  the  fluid  from  which  it  has  been  taken. — This  will  greatly 
facilitate  the  transfer  of  the  object  from  the  lifter  to  the  slide;  as 
it  may  be  readily  floated  off  with  the  aid  of  a slight  touch  of  a 
needle.  The  fluid  thus  deposited  with  it  having  been  drained 
away  by  blotting-paper,  the  object  may  be  treated  (if  desi- 
rable for  thoroughly  clearing  it)  with  a drop  of  Clove-oil,  which 
should  be  deposited,  not  on  the  object,  but  near  it,  and  made  to  run 
to  it  by  inclining  the  slide,  so  as,  by  imnning  under  it,  to  rise 
through  it  and  saturate  it  thoroughly.  After  about  two  minutes, 
the  clove-oil  is  to  be  drained  away,  and  the  Balsam  or  Dammar 
solution  applied  by  the  glass  rod ; one  (Bop  being  placed  on  the 
object,  and  another  on  the  cover,  which  is  then  to  be  turned  and 
lowered-down  on  the  object  in  the  manner  already  described.  The 
presence  of  a few  air-bubbles  may  be  here  disregarded,  as  they  will 
ultimately  disappear ; but  care  must  be  taken  that  the  resinous 
solution  not  only  fills  the  space  between  the  cover  and  the 
but  extends  beyond  its  entire  margin,  as  much  shrinkage  -v^l  be 
iiroduced  by  the  evaporation  of  the  solvent.  If  this  precaution  be 
attended-to,  and  ‘ appearance  ’ is  not  a serious  consideration, 
nothing  more  is  requisite  for  the  protection  of  the  preparation ; 
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since  the  margin  of  resin  left  by  the  evaporation  of  its  solvent 
forms  an  adequate  cement,  especially  if  the  cover  be  secured  by 
gummed-paper  from  being  loosened  by  a ‘jar.’  But  if  it  be  desired 
to  replace  this  by  a black  or  coloured  cement*,  the  resin  must  first 
be  scraped  away  with  the  edge  of  an  awlf  carried  along  (not  to- 
wards) the  margin  of  the  cover  ; and  the  slide,  being  then  cleaned 
with  benzole,  and  finally  wiped  with  methylated  spirit,  may  finally 
be  ‘ ringed’  on  the  Turn-table. 

210.  Mounting  Objects  in  Canada  Balsam. — Although  it  is  pre- 
ferable for  Histological  purposes  to  employ  a solution  of  hardened 
Balsam,  yetas  there  are  many  objects  for  mounting  for  which  the  use 
of  the  ‘ natural’  Balsam  is  preferable,  it  will  be  well  to  give  some 
directions  for  its  use. — When  Sections  of  hard  substances  have  been 
ground-down  on  the  slides  to  which  they  have  been  cemented  (§  194), 

. it  is  much  better  that  they  should  be  mounted  without  being  de- 
tached, unless  they  have  become  clogged  with  the  abraded  particles, 
and  require  to  be  cleansed  out, — as  is  sometimes  the  case  with 
• sections  of  the  shells,  spines,  &c.,  of  Echinoderms,  when  the  balsam 
by  which  they  have  been  cemented  is  too  soft.  If  the  detachment 
of  a specimen  be  desirable,  it  may  be  loosened  by  heat,  and  lifted 
off  with  a camel-hair  brush  dipped  in  Oil  of  Tuiqientine.  But, 
where  time  is  not  an  object,  it  is  far  better  to  place  the  slide  to 
-steep  in  Ether  or  Chloroform  in  a capped  jar,  until  the  object  then 
Tails  off  of  itself  by  the  solution  of  its  cement.  It  may  be  thoroughly 
■ cle^sed  by  boiling  it  in  methylated  spirit,  and  afterwards  laid  upon 
j ra  piece  of  blotting-paper  to  dry ; after  which  it  may  be  mounted  in 
'•  t fresh  balsam  on  a slide,  just  as  if  it  had  remained  attached.  The 
sslide  having  been  warmed  on  the  water-bath  lid,  a sufficient  quan- 
i^tdty  of  balsam  should  be  pressed  out  from  the  syringe  on  the  object ; 
l^ind  care  should  be  taken  that  this,  if  previously  loosened,  should 
>qe  thoroughly  penetrated  by  it.  If  any  air- bubbles  arise,  they 
diould  be  broken  with  the  needle-point.  The  cover  having  been 
'.  imilarly  warmed,  a drop  of  balsam  should  be  placed  on  it,  and 
made  to  spread  over  its  surface ; and  the  cover  should  then  be 
inrned  over  and  let  down  on  the  object  in  the  manner  already  de- 
i(  cribed.  If  this  operation  be  performed  over  the  water-bath,  instead 
tf  over  the  spirit-lamp,  there  will  be  little  risk  of  the  formation  of 
lir-bubbles.  However  large  the  section  may  be,  care  should  be 
iiaken  that  the  Balsam  is  well-spread  both  over  its  surface  and  that 
I f its  cover  ; and  by  attending  to  the  precaution  of  making  it  accu- 
' lulate  on  one  side  by  sloping  the  slide,  and  letting  down  the  cover 
3 as  to  drive  a wave  before  it  to  the  opjiosite  side,  very  large 


3 

m 


* The  great  Scientific  investigators  of  Germany,  who  cut  an  entire  Worm 
>to  thin  transverse  sections,  carefully  mounted  in  their  order,  would  scorn 
I spend  time  in  such  a mere  ‘ finish,’  which  they  would  consider  only  worthy 

^ Author  has  found  this  implement,  mounted  in  a small  handle,  far 
‘ S3  liable  to  disturb  the  cover,  than  the  ‘ old  penknife,’  the  slipping  of  whoso 
)iut  in  chipping-away  hard  resin  has  often  occasioned  him  much  mischief. 
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sections  may  thus  be  mounted  without  a single  air-hi^jhle.  (The 
“hafto  mounted  soctiom.  of  Eo.o.»  “„tf  pS.! 
—In  mounting  minute  Balsam-objects,  pch  as  n-nlimrida 

thm,  Sponga-sinc^o.  and  the  beautelul  “““‘f 
avpnV  nflvautase  will  he  obtained  from  tollowing  the  plan  surges 
SlmfjamestmTtMovwhichhi^eto^^^^^ 

is  specially  adapted.  The  slide  hemg  placed  upon  to  P ^ 

and  the  object  having  been  hud  upon  the  ™ 

and  leaving  no  bubbles  they 

manner  the  objects  are  kept  exactly  in  tke  places  ^ ^ 

were  at  first  laid;  ^nd  scarce  y a pai  tele  o^ 

due  care  has  been  employed  remai^^^^^ 

chitinous  textures  of  Insects  are  to  be  ^us  inountm^  ^ 

first  softened  by  steeping  in  ^ the’object,  taken  up  in 

of  Balsam  bemg  placed  on  „.Q^+Tae  cover  (balsamed  as  before) 

pared  by  dissection  in 

mounted  in  Balsam  , for  1 P , ^ Spirit  into  Tui-pentme. 

drated,_and  then  ^rans  erred  fiomi^  recommended  by 

Carhohe  Acid  hquefi^  by  j o^it  water  from  specmiens 

Dr.  Ealph*  as  most  efficient  in  ^la^o^  afterwards  readily 

to  be  mounted  m Balsam  ^ Dnnfs  &c  which  afiord  most 

take  its  place.-Sections  of  Horns  Hoofs  ^c.,w^^^  ^ 

beautiful  objects  for  the  J of  increasing  their  trans- 

Balsam,whichhas  a remarkable 

parence. — It  is  better  to  ^e  gpfore  attempting  to  clean  off  the 

gradual  hardening  of  what  hesbenea^^  t^^^^^ 

Sffttff.  ITv-Si  «"  ,;c;'S‘i,'S5 

. retained.  This  is  afcsoWy 

whose  thickness  is  such  it  is  desirahU  when- 

into  close  approximation  w th  th^  to  Pe 

ever  that  ap]iroximation  is  not  such  as  ^icrosc.  boc.," 

* Soe  the  account  of  Dr.  Ealph’s  method  m Jomn.  of  Koj.  .u 
Vol,  iii.  (1880),  p.  858. 
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drawn  to  the  glass-slide  by  capillary  attraction,  or  whenever  the 
cover  is  sensibly  kept  apart  from  the  slide  by  the  thickness  of  any 
portion  of  the  object.  Hence  it  is  only  in  the  case  of  objects  of 
the  most  extreme  tenuity,  that  the  Cell  can  be  advantageously  dis- 
pensed with ; the  danger  of  not  employing  it,  in  many  cases  in 
which  there  is  no  difficulty  in  mounting  the  object  without  it,  being 
that  after  a time  the  cement  is  apt  to  run-in  beneath  the  cover, 
which  process  is  jDretty  sure  to  continue  when  it  may  have  once 
commenced.  When  Cement-cells  (§  170)  are  employed  for  this 
purpose,  care  must  be  taken  that  the  surface  of  the  ring  is  perfectly 
hat,  so  that  when  the  cover-glass  is  laid-on,  no  tilting  is  produced 
by  pressure  on  any  part  of  its  margin.  As  a general  rule  it  is 
desirable  that  the  object  to  be  mounted  should  be  steeped  for  a 
little  time  previously  in  the  preservative  fluid  employed.— A 
sufficient  quantity  of  this  fluid  being  deposited  from  the  Syringe 
or  Dropping-bottle  to  over- fill  the  cell,  the  object  is  to  be  intro- 
duced into  it  either  with  the  Forceps  or  the  Dipping-tube  (§  126) ; 
and  the  slide  should  then  be  examined  on  the  Dissecting  Microscope, 
that  its  entire  freedom  from  foreign  particles  and  from  air-bubbles 
may  be  assured,  and  that  its  disposition  may  be  corrected  if  neces- 
sary. The  cover  should  then  be  laid  on  very  cautiously,  so  as  not 
to  displace  the  object ; which  in  this  case  is  best  done  by  keeping 
the  drop  liighest  in  the  centre,  and  keeping  the  cover  parallel  to 
the  slide  whilst  it  is  being  lowered,  so  as  to  expel  the  superfluous 
fluid  all  round.  This-  being  taken  up  by  the  syringe,  the  cement 
ring  and  the  margin  of  the  cover  are  to  be  dried  with  blotting- 
paper,  especial  care  being  taken  to  avoid  drarving-off  too  much 
hquid,  which  will  cause  the  gold-size  to  nin-in.  It  is  generally  best 
to  apply  the  first  coat  of  Gold-size  thin,  with  a very  small  and 
flexible  bmsh  worked  with  the  hand  ; this  will  dry  sufficieiitly  in 
an  hour  or  two,  to  hold  the  cover  whilst  being  ‘ ringed’  on  the 
Turn-table.  And  it  is  safer  to  apply  a third  coat  a day  or  two 
afterwards ; old  Gold-size,  which  lies  thickly,  being  then  applied  so 
as  to  raise  the  ring  to  the  level  of  the  surface  of  the  cover.  As 
experience  shows  that  preparations  thus  mounted,  which  have 
remained  in  perfectly  good  order  for  many  years,  may  be  after- 
wards spoiled  by  leakage,  the  Author  strongly  recommends  that 
to  prevent  the  loss  of  valuable  specimens,  an  additional  coating  of 
gold-size  be  laid-on  from  time  to  time. 

212.  Mounting  of  Objects  in  Deep  Cells. — The  objects  which 
lecmire  deep  cells  are,  as  a rule,  such  as  are  to  be  viewed  by  reflected 
u’-  are  usually  of  sufficient  size  and  substance  to  allow  of 
air  being  entangled  in  their  tissues.  This  is  especially  liable  to 
have  undergone  the  jirocess  of  decalcification 
^3  197) ; which  'will  very  probably  leave  behind  it  bubbles  of  Car- 
onic  acid.  For  the  extraction  of  such  bubbles,  the  use  of  an  Air- 
pump  IS  commonly  recommended ; but  the  Author  has  seldom 
ound  this  answer  the  purpose  satisfactorily,  and  is  mucli  disposed 
0 place  confidence  in  a method  lately  recommended — stcciiing  the 
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specimen  in  a stoppered  jar  filled  -witli  freshly  boiled  waier,  -whicli 
has  great  i^ower  ot  drawing  into  itself  either  Air  or  Carbonic  acid. 
Where  the  structure  is  one  which  is  not  injured  by  Alcohol,  pro- 
longed steejnng  in  this  will  often  have  the  same  effect. — The  next 
point  of  importance  is  to  select  a cover  of  a size  exactly  suitable  to 
that  of  the  ring,  of  whose  breadth  it  should  cover  about  two-thirds, 
leaving  an  adequate  margin  uncovered  for  the  attachment  of  the 
cement.  And  the  perfect  flatness  of  that  ring  should  then  be 
carefully  tested,  since  on  this  mainly  depends  the  security  of  the 
mounting.  It  is  to  secure  this,  that  the  Author  prefers  rings  of 
tin  (§  171)  to  those  of  glass,  for  cells  of  moderate  depth ; for  their 
surface  can  be  easily  made  perfectly  flat  by  grinding  with  water, 
first  on  a piece  of  grit,  and  then  on  a Water-of-Ayr  stone — these 
stones  having  been  previously  reduced  to  a plane  surface  (§  193). 
If  glass  rings  are  not  found  to  be  ‘ true,’  they  must  be  ground- 
down  with  fine  emery  on  a plate  of  lead.  When  the  cell  has  been 
thus  finished-off,  it  must  be  carefully  cleaned-out  by  syringing  into 
it  some  of  the  mounting-fluid ; and  should  be  then  examined  under 
the  Dissecting  Microscope  for  minute  air-bubbles,  which  often  cHng 
to  the  bottom  or  sides.  These  having  been  got  rid  of  by  the  needle, 
the  cell  should  be  finally  filled  with  the  preservative  liquid,  and 
the  object  immersed  in  it,  care  being  taken  that  no  air-bubbles  are 
carried-down  beneath  it.  The  cell  being  completely  filled  so  that 
the  liquid  is  running  over  its  side,  the  cover  may  then  be  lowered 
down  upon  it  as  in  the  preceding  case ; or,  if  the  cell  be  quadran- 
gular, the  cover  may  be  sloped  so  as  to  rest  one  margin  on  its  wall, 
and  fresh  liquid  may  be  thrown  in  by  the  Syringe,  while  the  other 
edge  is  lowered.  When  the  cover  is  in  place,  and  the  liquid  ex- 
pelled from  it  has  been  taken  up  by  the  syringe,  it  should  again  be 
examined  under  a lens  for  air-bubbles  ; and  if  any  of  these  trouble- 
some intruders  should  present  themselves  beneath  the  cover,  the 
slide  should  be  mclined,  so  as  to  cause  them  to  rise  towards  the 
highest  part  of  its  circumference,  and  the  cover  slipped  away  from 
that  part,  so  as  to  admit  of  the  introduction  of  a little  additional 
fluid  by  the  pipette  or  syringe  ; and  when  this  has  taken  the  place 
of  the  air-bubbles,  the  cover  may  be  slipped  back  into  its  place. 
The  surface  of  the  ring  and  the  edge  of  the  cover  must  then  be 
thoroughly  dried  with  blotting-paper,  care  being  taken  that  the 
fluid  be  not  drawn  away  from  between  the  cover  and  the  edge  of 
the  cell  on  which  it  rests.  These  minutiae  having  been  attended  to, 
the  closure  of  the  cell  may  be  at  once  effected  by  carrying  a thin 
layer  of  Gold-size  or  Dammar  around  and  upon  the  edge  of  the  glass- 
cover,  taking  care  that  it  touches  every  point  of  it,  and  fills  the 
angular  channel  which  is  left  along  its  margin.  The  Author  has 
found  it  advantageous,  however,  to  delay  closing  the  cell  for  some 
little  time  after  the  superfluous  fluid  has  been  drawn  off;  for  as 
soon  as  evaporation  from  beneath  the  edge  of  the  cover  begins  te 
diminish  the  quantity  of  fluid  in  the  cell,  air-bubbles  often  bc^u 
to  make  their  appearance,  which  were  previously  hidden  m tne 
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recesses  of  the  object;  and  in  the  course  of  half  an  hour,  a con- 
siderable number  are  often  collected.  The  cover  should  then  be 
slipped  aside,  fresh  fluid  introduced,  the  air-bubbles  removed,  and 
the  cover  2Dut  on  again ; and  this  op>eration  should  be  rejieated 
until  it  fails  to  draw  forth  any  more  air-bubbles.  It  will  of  course 
be  observed,  that  if  the  evaporation  of  fluid  should  proceed  far,  air- 
bubbles  will  enter  beneath  the  cover ; but  these  will  show  them- 
selves on  the  surface  of  the  fluid  ; whereas  those  which  arise  from 
the  object  itself  are  found  in  the  deeper  jDarts  of  the  cell.  When 
all  these  have  been  successfully  dis^DOsed  of,  the  cell  may  be 
‘ sealed’  and  ‘ ringed’  in  the  manner  already  described. 

213.  Importance  of  Cleanliness. — The  success  of  the  result  of 
any  of  the  foregoing  oj^erations  is  greatly  detracted-from,  if,  in 
consequence  of  the  adhesion  of  foreign  substances  to  the  glasses 
whereon  the  objects  are  mounted,  or  to  the  implements  used  in 
the  manipulations,  any  extraneous  j)articles  are  brought  into  view 
with  the  object  itself.  Some  such  will  occasionally  present  them- 
selves, even  nnder  careful  management ; esj)eciany  fibres  of  silk, 
wool,  cotton,  or  linen,  from  the  handkerchiefs,  &c.,  with  which  the 
glass-sHdes  may  have  been  wiped  ; fibres  of  the  blotting-pa^Der  em- 
ployed to  absorb  superfluous  fluid ; and  grains  of  starch,  wliich 
often  remain  obstinately  adherent  to  the  thin  glass-covers  kept 
in  it.  But  a careless  and  uncleanly  mani^Dulator  will  allow  liis 
objects  to  contract  many  other  impurities  than  these ; and 
especially  to  be  contaminated  by  particles  of  dust  floating  through 
the  air,  the  access  of  which  may  be  readily  jpreveated  by  jn’O^jer 
precautions.  It  is  desirable  to  have  at  hand  a well-closed  cnjaboard 
furnished  with  shelves,  or  a cabinet  of  well-fitted  drawers,  or  a 
number  of  bell-glasses  upon  a flat  table,  for  the  purpose  of 
securing  glasses,  objects,  &c.,  from  this  contamination  in  the 
intervals  of  the  work  of  j^rejjaration ; and  the  more  readily 
accessible  these  receptacles  are,  the  more  use  will  the  Microscopist 
be  likely  to  make  of  them.  G-reat  care,  ought,  of  course,  to  be 
taken  that  the  Media  emjployed  for  mounting  should  be  freed  by 
effectual  filtration  from  all  floating  particles,  and  that  they  should 
be  kept  in  well-closed  bottles. 

'214:.  Labelling  and  Preserving  of  Objects. — Whenever  the 
mounting  of  an  object  has  been  completed,  its  name  ought  to  be 
<xt  once  marked  on  it,  and  the  slide  should  be  j)ut  away  in  its 
appropriate  place.  Some  inscribe  the  name  on  the  glass  itself 
wth  a writing  diamond  ; whilst  others  ^^refer  to  gum  a label*  on 
the  shde ; and  others,  again,  cover  one  or  both  surfaces  of  the 
sude  \yith  coloured  paper,  and  attach  the  label  to  it.  In  the  case 
of  objects  mounted  dry  or  in  balsam,  the  latter  method  has 
the  advantage  of  rendering  the  glass-cover  more  secure  from 

Vei^  neat  pummed  labels,  of  the  various  sizes  and  patterns  suitable  to  the 
wants  of  the  Microscopist,  may  bo  obtained  from  the  “Drapers’  Stationers”  in 
le  Lity  -,  and  covering  slips  of  v.ariouB  patterns  are  supplied  by  many  of  the 
dealers  in  Microscopic  Apparatus. 
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displacement  by  a slight  blow  or  ‘jar,’  when  the  varnish  or  balsam 
may  have  become  brittle  by  the  lapse  of  years.  Instead,  how- 
ever, of  attaching  the  white  label  on  which  tne  name  of  the  object 
is  written,  to  the  outside  of  the  coloured  paper  with  which  the  shde 
is  covered,  it  is  better  to  attach  the  label  to  the  glass,  and  to  punch 
a hole  out  of  the  coloured  j)aper,  sufficiently  large  enough  to  show 
the  name,  in  the  part  corresponding  to  it ; in  this  manner  the 
label  is  prevented  from  falling-off,  which  it  frequently  does  when 
attached  to  the  glass  without  protection,  or  to  the  outside  of  the 
paper  cover.  When  objects  are  mounted  in  fluid,  either  with  or 
without  cells,  paper  coverings  to  the  sHdes  had  better  be  dispensed 
with  ; and  besides  the  name  of  the  object,  it  is  desirable  to  inscribe 
on  the  label  that  of  the  fluid  in  which  it  is  mounted.— For  the 
jireservation  of  objects,  the  pasteboard  boxes  now  made  at  a very 
reasonable  cost,  with  wooden  racks,  to  contain  6,  12,  or  24  slides, 
ivill  be  found  extremely  useful.  In  these,  however,  the  shdes 
must  always  stand  upon  their  edges ; a position  which,  besides 
interfering  with  that  ready  view  of  them  which  is  required  for 
the  immediate  selection  of  any  particular  siiecimen,  is  unfavour- 
able to  the  continued  soundness  of  preparations  mounted  in  fluid. 
Although  such  boxes  are  most  useful,  indeed  almost  indispensable, 
to  the  ]\Iicroscoj)ist,  for  holding  slides  wloich  he  desires  (for  what- 
ever j)urpose)  to  keep  for  awhile  constantly  at  hand,  yet  his 
regularly-classified  series  is  much  more  conveniently  stored  either 
in  a Cabinet  containing  numerous  very  shallow  drawers,  in  which 
they  lie  flat  and  exposed  to  view,  or  (wmch  the  Author  finds  much 
preferable)  in  a series  of  smaller  cases,  each  holding  a dozen 
trays,  every  one  of  which  is  divided  into  twelve  compartments  for  as 
many  slides.  These  have  the  advantage,  not  only  of  cheapness 
(their  outside  case  being  made  of  polished  pine,  while  the  trays  are 
made  of  thin  pasteboard  glued  to  a wooden  framing),  but  also  of 
facilitating  the  classification  of  Objects  in  groups,  and  of  enabhng 
any  particular  series  to  be  transported  without  risk  of  injury,  every 
slide  being  lodged  in  its  own  receptacle.  Further,  when  provision 
has  to  be  made  for  slides  requiring  greater  depth  than  usual  (such, 
for  instance,  as  extra-thick  wooden  slides,  or  glasses  bearing  deep 
cells),  trays  can  be  made  either  of  double  the  usual  depth,  or  in 
the  j)roportion  of  3 to  2 (two  such  trays  equalling  three  ordinary 
ones  in  thickness),  so  as  still,  by  keeping  the  case  filled,  to  prevent 
shake  to  its  contents  when  it  is  canned.  Smaller  Slide-cases  of  the 
same  kind,  containing  from  two  to  six  trays,  each  of  which  holds 
six  slides,  are  made  for  the  pocket. 

Section  3.  Collection  of  Ohjects. 

215.  A large  proportion  of  the  objects  with  wliich  the  Micro- 
scopist  is  concerned,  are  denved  from  the  minute  pai'ts  of  those 
larger  organisms,  whether  Vegetable  or  Animal,  the  collection  of 
which  does  not  require  any  other  methods  than  those  pursued  by 
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the  ordinary  Naturalist.  With  regard  to  such,  therefore,  no 
special  directions  are  rcqui^'^d.  But  there  are  several  most  interest- 
iuo-  and  important  groups  both  of  Plants  and  Animals,  which 
are  themselves,  on  account  of  their  minuteness,  essentially  micro- 
scopic ; and  the  collection  of  these  requires  peculiar  methods  and 
implements,  which  are,  however,  very  simple, — the  chief  element  of 
success  lying  in  the  knowledge  xolicre  to  look  and  %oliat  to  look  for. 
In  the  present  place,  general  directions  only  will  be  given;  the  par- 
ticular details  relating  to  the  several  groups,  being  reserved  for  the 
account  to  be  hereafter  given  of  each. 

216.  Of  the  Mcroscopic  organisms  in  question,  those  which 
inhabit  fresh  water  must  be  sought  for  in  pools,  ditches,  or 
streams,  through  which  some  of  them  freely  move  ; wliilst  others 
attach  themselves  to  the  stems  and  leaves  of  aquatic  Plants,  or 
even  to  pieces  of  stick  or  decaying  leaves,  &c.,  that  may  be  floating 
on  the  surface  or  submerged  beneath  it ; while  others,  again,  are  to 
be  sought  for  in  the  muddy  sediments  at  the  bottom.  Of  those 
which  have  the  jDower  of  free  motion,  some  keep  near  the  surface, 
whilst  others  swim  in  the  deeper  waters  ; but  the  situation  of 
many  depends  entirely  upon  the  light,  since  they  rise  to  the  surface 
in  sunslune,  and  subside  again  afterwards.  The  Collector  will, 
therefore,  require  a means  of  obtaining  samj)les  of  water  at  different 
depths,  and  of  drawing  to  himself  portions  of  the  larger  bodies  to 
which  the  microscopic  organisms  may  be  attached.  For  these 
purposes  nothing  is  so. convenient  as  the  Pond-Stick  (sold  by  Mr. 
Baker),  which  is  made  in  two  lengths,  one  of  them  sliding  within  the 
other,  so  as  when  closed  to  serve  as  a walking-stick.  Into  the 
extremity  of  this  may  be  fitted,  by  means  of  a screw  socket,  (I)  a 
cutting-hook  or  cuiwed  knife,  for  bringing  up  portions  of  larger 
Plants  in  order  to  obtain  the  minute  forms  of  Vegetable  or  Animal 
life  that  may  be  parasitic  upon  them  ; (2)  a broad  collar,  with  a 
screw  in  its  interior,  into  which  is  fitted  one  of  the  screw-topped 
Bottles  made  by  the  York  Glass  Company  ; (3)  a ring  or  hoop  for 
a musbn  Bing-Net.  When  the  Bottle  is  used  for  collecting  at 
the  surface,  it  should  be  moved  sideways  with  its  mouth  partly 
below  the  water  ; but  if  it  be  desired  to  bring  up  a sample  of  the 
Hquid  from  below,  or  to  draw  into  the  bottle  any  bodies  that  may 
be  loosely  attached  to  the  submerged  plants,  the  bottle  is  to  be 
plunged  into  the  water  with  its  mouth  downwards,  carried  into  the 
situation  in  which  it  is  desired  that  it  should  be  filled,  and  then 
suddenly  turned  with  its  mouth  upwards.  By  unscrewing  the 
bottle  from  the  collar,  and  screwing  on  its  cover,  the  contents  may 
be  .securely  preserved.  The  Net  should  be  a bag  of  fine  muslin, 
which  may  be  simply  sewn  to  a ring  of  stout  ^vire.  But  it  is  desi- 
rable for  many  purposes  that  the  muslin  should  be  made  removable  ; 
and  this  may  be  provided-for  (as  suggested  in  the  “Micrographic 
' Dictionary,”  Introduction,  p.  xxiv.)  by  the  substitution  of  a wooden 
hoop  grooved  on  its  outside,  for  the  wire  ring ; the  muslin  being 
flramed  upon  it  by  a ring  of  vulcanized  India-rubber,  which  lies 
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in  the  groove,  and  which  may  be  readily  slipped  off  and  on,  so  as 
to  allpw  a fresh  piece  of  mnslin  to  be  put  in  the  place  of  that  which 
has  been  last  used.  The  collector  should  also  be  furnished  with  a 
number  of  Bottles,  into  which  he  may  transfer  the  samples  thus 
obtained,  and  none  are  so  convenient  as  the  screw-topped  bottles 
made  in  all  sizes  by  the  York  Glass  Company.  It  is  well  that  the 
bottles  should  be  fitted  into  cases,  to  avoid  the  risk  of  breakage. 
When  Animalcules  are  being  collected,  the  botttles  should  not  be 
above  two-thirds  filled,  so  that  adequate  air-space  may  be  left. — 
Whilst  engaged  in  the  search  for  Microscopic  objects,  it  is  desirable 
for  the  Collector  to  possess  a means  of  at  once  recognizing  the 
forms  which  he  may  gather,  where  tliis  is  possible,  in  order  that  he 
may  decide  whether  the  ‘ gathering’  is  or  is  not  worth  preserving ; 
for  this  purpose  either  a powerful  ‘ Coddington’  or  ‘ Stanhope’  lens 
(§  24),  a Beale’s  Pocket  Microscope  (§  76),  or  the  Travelling  Micro- 
scope of  Messrs.  Baker  or  other  opticians  (§  78),  will  be  found  most 
useful,  according  to  the  class  of  objects  of  which  the  Collector  is 
in  search.  The  former  will  answer  very  well  for  Zoophytes  and 
the  larger  Diatomace®  ; but  the  latter  will  be  needed  for  Desmi- 
diacese,  the  smaller  Diatomace®,  and  Animalcules.  _ 

217.  The  same  general  method  is  to  be  followed  in  the  collection 
of  such  'inciTinG  forms  of  Y egetable  and  Animal  life  as  inhabit  the 
neighbourhood  of  the  shore,  and  can  be  reached  by  the  Pond-stick. 
But  there  are  many  which  need  to  be  brought  up  from  the  bottom 
by  means  of  the  Dredge;  and  many  others  which  swim  freely 
through  the  waters  of  the  Ocean,  and  are  only  to  be  captured  by  the 
Tow-net.  As  the  former  is  part  of  the  ordinary  equipment  of  every 
Marine  Naturalist,  whether  he  concern  himself  with  the  Microscope 
or  not,  the  mode  of  using  it  need  not  be  here  described ; but  the 
use  01  the  latter  for  the  purposes  of  the  Microscopist  requires 
special  management.  The  net  should  be  of  fine  muslin,  firmly  sewn 
to  a ring  of  strong  wire  about  10  or  12  inches  in  diameter.  This 
may  be  either  fastened  by  a pair  of  strings  to  the  stern  of  a boat, 
so  as  to  tow  behind  it,  or  it  may  be  fixed  to  a stick  so  held  in  the 
hand  as  to  project  from  the  side  of  the  boat.  In  either  case  the  net 
should  be  taken  in  from  time  to  time,  and  held  up  to  allow  the 
water  it  contains  to  drain  through  it ; and  should  then  be  tumra 
inside-out  and  moved  about  in  a bucket  of  water  carried  in  the 
boat,  so  that  any  minute  organisms  adhering  to  it  may  be -washed 
off  before  it  is  again  immersed.  It  is  by  this  simple  method  that 
Mai-ine  Animalcules,  the  living  forms  of  Badiolaria,  the  smaller 
Medusoids  (with  their  allies,  Beroe  and  Cydippe),  Noctiluca,  the 
free-swimming  larvae  of  Echinodermata,  some  of  tiie  most  curious 
of  the  Tunicata,  the  larvae  of  Mollusca,  Turhellaria,  and  Annelim, 
some  curious  adult  forms  of  these  classes,  Entomostraca,  a:aa.  the 
larvae  of  higher  Crustacea,  are  obtained  by  the  Naturalist;  an 
the  great  increase  in  our  knowledge  of  these  forms  wliich  has  been 
cained  within  recent  years,  is  mainly  due  to  the  assiduous  use 
wliich  has  been  made  of  it  by  qualified  observers.— It  is  important 
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to  bear  in  mind,  that,  for  the  collection  of  all  the  more  delicate  of 
the  organisms  just  named  (such,  for  instance,  as  Echinoderm  lai-vce), 
it  is  essential  that  the  boat  should  be  rowed  so  slowly  that  the  net 
may  move  gently  through  the  water,  so  as  to  avoid  crushing  its  soft 
contents  against  its  sides.  Those  of  firmer  structure  (such  as  the 
Eni&mostraca),  on  the  other  hand,  may  be  obtained  by  the  use  of  a 
Tow-net  attached  to  the  stern  of  a sailing-vessel,  or  even  of  a 
steamer,  in  much  more  rapid  motion.*  When  this  method  is  em- 
ployed, it  will  be  found  advantageous  to  make  the  net  of  conical 
form,  and  to  attach  to  its  deepest  part  a wide-mouthed  bottle, 
which  may  be  prevented  from  sinking  too  deeply  by  suspending  it 
from  a cork  float : into  this  bottle  many  of  the  minute  Animals 
caught  by  the  net  will  be  carried  by  the  current  produced  by  the 
motion  of  the  vessel  through  the  water,  and  they  will  be  thus 
removed  from  liability  to  injury.  It  will  also  be  useful  to  attach  to 
the  ring  an  inner  net,  the  cone  of  which,  more  obtuse  than  that  of 
the  outer,  is  cut  off  at  some  little  distance  from  the  apex ; this 
serves  as  a kind  of  valve,  to  prevent  objects  once  caught  from  being 
washed  out  again.  The  net  is  to  be  drawn-in  from  time  to  time, 
and  the  bottle  to  be  thrust-up  through  the  hole  in  the  inner  cone ; 
and  its  contents  being  transferred  to  a screw-capped  bottle  for 
examination,  the  net  may  be  again  immersed.  This  form  of  net, 
however, is  less  suitable  for  the  most  delicate  objects,  than  the  simple 
Stich-net  used  in  the  manner  just  described. — The  Microscopist  on 
a visit  to  the  sea-side,  who  prefers  a quiet  row  in  tranquil  waters 
to  the  trouble  (and  occasional  malaise)  of  dredging,  will  find  in  the 
collection  of  floating  Animals  by  the  careful  use  of  the  Stick-net 
or  Tow-net  a never-ending  source  of  interesting  occupation. 

♦ In  the  ‘ Challenger’  Expedition,  Tow-nets  were  almost  constantly  kept  in 
use,  not  only  at  the  surface,  but  at  various  depths  beneath  it ; being  attached 
I to  a line  which  was  made  to  hang  vertically  in  the  water  by  the  attachment  of 
I heavy  weights  at  its  extremity.  The  collections  thus  made  showed  the 
enormous  amount  of  minute  Animal  life  pervading  the  upper  waters  of  the 
■ Ocean. 


CHAPTEE  VI. 

MICROSCOPIC  PORMS  OF  VEGETiUILE  LIFE. — SIMPLER  ALG;E. 

218.  Those  who  desire  to  make  themselves  familiar  with  Micro- 
scopic appearances,  and  to  acquire  dexterity  in  IVIicroscopic 
manipulation,  cannot  do  better  than  educate  themselves  for  more 
difficult  inquiries  by  the  study  of  those  humblest  types  of  Vegeta- 
tion, which  present  Organic  Structure  under  its  most  elementaiy 
aspect.  And  such  as  desire  to  search  out  the  nature  and  condi- 
tions of  Living  Action,  %viU  find  in  the  study  of  its  simplest  mani- 
festations the  best  clue  to  the  analysis  of  those  intricate  and 
diversified  combinations,  under  which  it  presents  itself  in  the  highest 
Animal  Organisms.  For  it  has  now  been  put  beyond  question, 
that  the  fundamental  phenomena  of  Life  are  identical  in  Plants 
and  in  Animals  ; and  that  the  Hving  substance  which  exhibits  them 
is  of  a nature  essentially  the  same  throughout  both  Kingdoms. 
The  determination  of  this  general  fact,  which  forms  the  basis  of 
the  Science  of  Biology,  is  the  most  important  result  of  modern 
IVIicroscopic  mquiry;  and  the  illustration  of  it  wiU  be  kept  con- 
stantly in  view,  in  the  exjiosition  now  to  be  given  of  the  chief 
applications  of  the  Microscope  to  the  study  of  those  minute  Froio- 
fhytes  (or  simplest  forms  of  Plant-life),  with  whose  form  and  struc- 
ture, and  with  whose  very  existence  in  many  cases,  we  can  only 
acquaint  ourselves  by  its  aid. 

219.  It  was  formerly  sujiposed  that  living  action  could  only  be 
exhibited  by  organized  structure.  But  we  now  know  that  all  the 
functions  of  Life  may  be  carried  on  by  minute  ‘jelly-specks,’  in 
whose  apparently-homogeneous  semi-fluid  substance  nothing  hke 
‘ organization’  can  be  detected ; and  further,  that  even  in  the  very 
highest  organisms,  wliich  present  us  with  the  gi-eatest  variety  of 
‘ diffierentiated’  structures,  the  essential  part  of  the  Life-work  is 
done  by  the  same  material, — ^these  stiaictures  merely  furnishing  the 
mechanism  (so  to  speak)  through  which  its  wonderful  properties 
exert  themselves.  Hence  tliis  substance,*  known  in  Vegetable 

* Attention  was  drawn  in  1835  by  Dujardin  (the  French  Zoologist  to  whom 
we  owe  the  transfer  of  the  Foraminifera  from  the  liighest  to  the  lowest  jilace 
among  Invertebrate  Animals),  to  the  fact  that  the  bodies  of  some  of  the  lowest 
members  of  the  Animal  kingdom  consist  of  a structimdess,  semi-fluid,  con- 
tractile substance,  to  which  be  gave  the  name  sarcode  (rudimentary  flesh). 
In  1851,  the  eminent  Botanist  Von  Mohl  showed  that  a similar  substance 
fonns  the  essential  constituent  of  the  cells  of  Plants,  and  tenned  it  protoplasm 
(primitive  plastic  or  organizable  material).  And  in  18G3  it  was  pointed  out  by 
Prof.  Max  Schidtze,  who  had  made  a special  study  of  the  Ehizopod  group,  that 
the  ‘sarcode’  of  Animals  and  the  ‘protoplasm’  of  Plants  are  uhniicaU — See 
his  Memoir  “ Uober  das  protoplasma  der  lihizopoden  und  Pflauzenzellen.” 
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Physiology  as  'protoplasm,  but  often  referred  to  by  Zooloo-ists  as 
sarcod«  has  been  appropriately  designated  by  Prof.  Huxley  “the 
Physical  Basis  ot  Life.’\  In  its  typical  state  (such  as  it  presents 

Bhizopods,  §396)  it  is  a semi-fluid,  tenacious,  glairy  substance 

resemblinof — alike  in  asn^nf.  ir>  „77  , ’ 


?r  xuxo  oiocmi-iiLuu,  tenacious,  glairy  substance, 

lesemblmg— alike  in  aspect  and  in  composition -the  alUimen  (or 
oagulated  white)  ot  an  unboiled  egg.  But  it  is  fundamentally 
ingmslied  from  that  or  a,uv  nfbAr  fm-rr, 


iincoagulated  ^ nixuuntju  egg.  j^ut  it  is  rundamentally 

chstmgmshed  from  that  or  any  other  form  of  dead  matter,  by  two 
attributes,  which,  has  being  peculiar  to  liying  substances)  are  desig- 
nated 1,  its  power  of  increase,  by  assimilating  (that  is,  con- 

■ ? tlie  likeness  of  itself,  and  endowing  with  its  own  pro- 

pertiea)  nutrient  material  obtained  from  without ; 2,  its  power  of 
spontaneous  movement,  which  shows  itself  in  an  extraordinary 

mpwLmetirn  sometimes  slow_  and  progressiye,  sometimes 
Sol  waye-hke  and  continuous,  and  sometimes  rhyth- 

' StH  hiab^'"''-?-'''^  1 examined  under  a snf- 

nciently  fligli  magnifying  power,  multitudes  of  minute  granules  are 

in- ufon  presence  being  (so  to_  speak)  accidental,  depend- 

tion  — iS-n?  f ? if®  ^.aterial  which  is  undergoing  assimila- 

absorbi^l  ^ g^eat  power  of 

sin-uloff  ’/I  f ®i  between  these  two  states  is 

"if  Y ^'egard  to  any  colouring 

be  rieatlrS^^^  .Thus,  if  Hying  protoplasm 

hnl  ot  ^ of  oarmine.  It  wiU  remain  unstaihed  so 

'arSiinp  vitahty  But  if  the  protoplasm  be  dead,  the 

thSSoit+fntt  substance,  and  stain  it 

; inu  ^ poloiir  eyen  more  intense  than  that  of  the  solu- 

•'lon;  thus  furnislnng  (as  was  first  pointed  out  by  Dr  Beale)  a 
.eady_m®aus  of  cHstingmshing  the  ‘germinal  matter’  or  proto- 
. asmic  coinponent  of  the  Tissues  of  higher  Animals,  from  the 

i.l£o;iil.*te  wWch  the 

■artWe-^^f’^  f acquaintance,  esaentiaUy  consist  of 

rticles  of  protoplasm;  each  kind  haying  usually  a tolerably 

showing  (at  least  in  some  stage  of  itl 
xistence)  something  distinctiye  in  its  habit  of  Hfe.  And  it  is 

row  ^ooording  to  the  manner  in  wHch  they  respectiyely  liye 
low  and  multiply,  than  on  account  of  any  stractural peculiarities’ 

inecfer  Ttr®*"  ‘V, “ to  the  AnfeSgaom 

1Sr?o  1 impossible,  in  the  present  state  of  our  know- 
Hn-dJmi  demarcation  between  the  two 

f A^egeTable  natuf  of  -®  ^fiich  the  Animal 

ae  whth  is  ^ any  organism  can  be  tested.  Probably  the 

osely  approximatp  applicable  among  those  that  most 

le  pmseJce‘o?f]tp^  one  another,  is  not,  as  formerly  supposed, 

xndHhe  dependenS^  b^t,  on  the  one 

‘mpounds  alrenthi  /,  • 7 ®^ganism  for  nutriment  upon  organic 

J f< ) med,  which  it  takes  (in . some  way  or  other) 
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into  the  interior  of  its  body;  or,  on  the  other,  its  possession  of 
the  power  of  producing  the  organic  compoiuidH  which  it  applies 
to  the  increase  of  its  fabric,  at  the  expense  of  the  inorganic 
elements  with  which  it  is  supplied  by  Air  and  Water.  The  former, 
though  perhaps  not  an  absolute  is  a general  charactenstic  of  the 
Ani/mal  kingdom ; the  latter,  but  for  the  existence  of  which 
Animal  life  would  be  impossible,  is  certainly  the  attribute 

of  tli6  Vc^ctahlG,  W G shall  find  that  the  pYoto7>oci  (or  simpleBt 
Animals,  Chaps,  x.  xi.)  are  supported  as  exclusively  either  upon 
other  Protozoa  or  uponProtophytes,  as  are  the  highest  Animals  upon 
the  flesh  of  other  Animals  or  upon  the  products  of  the  Vegetable 
kino-dom ; whilst  Protophytes,  in  common  with  the  highest  Plants, 
draw  their  nourishment  from  the  atmosphere  or  the  water  in  which 
they  live ; and,  hke  them,  are  distinguished  by  their  power  of  decom- 
posing Carbonic  acid  (CO*^)  under  the  influence  of  Light,  settmg 
free  its  Oxygen,  and  combining  its  Carbon  with  the  elements  oi 
AVater  to  form  the  Oarbo-hydrogen  compounds  (Search,  Cellulose, 
&c.),  and  with  those  of  atmospheric  Ammonia  to  form  Nitrogenous 
(albuminoid)  compounds.  And  we  shall  find,  moreover,  that  6ven 
such  Protozoa  as  have  neither  stomach  nor  mouth,  receive  their 
ahmentary  matter  direct  into  the  very  substance  of  their  bodies,  in 
which  it  undergoes  a kind  of  digestion ; wbilst  Protophyta  absoro 
thronofli  their  external  surface  only,  and  take-in  no  sohd  particles  oi 
any  description.  With  regard  to  motion,  which  was  formerly  consi- 
dered the  distinctive  attribute  of  Animality,  we  now  know  not  mere  y 
that  many  Protophytes  (perhaps  all,  at  some  period  or  other  ot 
their  fives,)  possess  a power  of  spontaneous  movenient,  but  also  that 
the  instruments  of  motion  (when  these  can  be  (fisc over ea)  o 
the  very  same  character  in  the  Plant  as  in  the  Animal  •,  bemg  httle 
hair-like  filaments,  termed  cilia  (from  the  Latin  ciiMi/Ji,  an  eye- 
lash), or  longer  whip-like  flagella,  by  whose  rhythimcal  ^bradions 
the  body  of  which  they  form  part  is  propelled  in  definite  directions. 
The  peculiar  contractility  of  these  organs  seems  to  be  an  intensi- 
fication of  that  of  the  general  protoplasmic  substance,  of  which  they 

are  special  extensions.  n i 

221  There  are  certain  Plants,  however,  which  resemble  Animfis 
in  their  dependence  upon  Organic  compounds  prepared  by  other 
oro-anisms  ; being  themselves  unable  to  effect  that  hxation  of 
by”the  decomposition  of  the  CO'^  of  the  Atmosphere,  winch  is  the 
first  stage  in  their  production.  Such  is  the  cas(3,  amon^ 
rogams  (flowering  plants),  with  the  \leaflcss  parasites  which  dr^^^ 
their  support  from  the  juices  of  their  ‘ hosts.  And  it  is  the  case 
also,  amSng  the  lower  Cryptogams  with  the  entire  g^P  9? 
Fungi;  which,  however,  seem  generally  to  depend  rathei,  ^ . 
nutritive  materials,  upon  organic  matter  in  ^ ^ 

tion  many  of  them  having  the  power  of  promoting  that  pi^ocess  by 
thefi^ynmric  (fermentative)  action  (Chap.  vii.).-iV^ong  Animfis, 
Itlin,  tiere  are  several  in  whose  tissues  are  found  organic  com- 
pounds, such  as  Chlorophyll,  Starch,  and  Cellulose, 


VEGETABLE  CELLS  IN  GENEEAL. 


269 


cliaracteristically  Vegetable ; but  it  has  not  yet  been  proved  that 
they  aenerafe  these  compounds  for  themselves,  by  the  decomposi- 
tion of  CO“. 

222.  The  plan  of  Organization  recognizable  throughout  the 
Vegetable  kingdom  presents  this  remarkable  feature  of  uniformity, 
— that  the  fabric,  alike  in  the  highest  and  most  complicated  Plants, 
and  in  the  lowest  and  simplest  forms  of  Vegetation,  consists  of 
nothing  else  than  an  aggregation  of  the  bodies  termed  GeMs ; every 
one  of ' which  (save  in  the  forms  that  lie  near  the  border-ground 
between  Animal  and  Vegetable  life)  has  its  little  particle  of  proto- 
plasm enclosed  by  a casing  of  the  substance  termed  cellulose — a 
non-nitrogenous  substance  nearly  alHed  in  chemical  composition  to 
starch.  The  entire  mass  of  cells  of  which  any  Vegetable  organism 
is  composed,  has  been  generated  from  one>  primordial  cell  by  pro- 
cesses of  seif -multiplication  to  be  presently  described:  and  the 
difference  between  the  fabrics  of  the  lowest  and  of  the  highest  Plants 
essentially  consists  in  this, — that  whilst  the  cells  produced  by  the 
self-multiplication  of  the  primordial  cell  of  the  Protophyte  are  all 
mere  repetitions  of  it  and  of  one  another,  each  living  hy  and/or 
itself — those  produced  by  the  hke  self-multiplication  of  the  pri- 
mordial cell  in  the  Oak  or  Pahn,  not  only  remain  in  mutual  con- 
nection, but  undergo  a progressive  ‘ differentiation,’  the  ordinary 
type  of  the  Cell  undergoing  various  modifications  to  be  described 
in  their  proper  place  (Chap.  viii.).  A composite  structure  is  thus 
developed,  which  is  made  up  of  a number  of  distinct  ‘ organs’ 
(stem,  leaves,  roots,  flowers,  &c.) ; each  of  them  characterized  by 
specialities  not  merely  of  external  form,  but  of  intimate  structure ; 
and  each  performing  actions  peculiar  to  itself,  which  contribute  to 
the  life  of  the  Plant  as  a whole.  Hence,  as  was  first  definitely 
stated  by  Schleiden,  it  is  in  the  life  history  of  the  individual  cell 
that  we  find  the  trae  basis  of  the  study  of  Vegetable  Life  in  general. 

223.  "We  have  now  to  consider  in  more  detail  the  structure  and 
life-history  of  the  typical  Plant-cell ; and  shall  begin  by  treating 
of  the  Cell-ivall. — This  consists  of  two  layers,  differing  entirely  in 
composition  and  properties.  It  is  the  inner,  termed  the  ‘ primordial 
utricle,’  that  is  first  formed,  and  is  most  essential  to  the  existence 
of  the  cell ; it  is  extremely  thin  and  delicate,  so  that  it  escapes 
attention  so  long  as  it  remains  in  contact  with  the  external  layer ; 
and  it  is  only  brought  into  view  when  separated  from  this,  either 
by  developmental  changes  (Fig.  14d,  a),  or  by  the  influence  of  re- 
agents which  cause  it  to  contract  by  drawing-forth  part  of  its  con- 
tents (Fig.  139,  c).  It  is  not  sharply  defined  on  its  internal  face,  but 
passes  gradationally  into  the  protoplasmic  substance  it  encloses, 
from  which  it  is  chiefly  distinguishable  by  the  absence  of  granules. 
And  it  is  shown  by  the  effects  of  re-agents  to  have  the  albuminous 
composition  of  protoplasm.  It  may  thus  be  regarded  as  the 
slightly  condensed  external  film  of  the  protoplasmic  layer  with 
which  its  inner  surface  is  in  contact ; and  as  it  essentially  corre- 
sjionds  with  the  ‘ ectosarc’  of  Amoeba,  or  any  other  Rhizopod  (§  39G), 


270 


MlCEOSCOriC  rOllMS  of  vegetable  life. 


it  may  be  termed  the  edoiilasm. — The  outer  layer,  on  the  other 
hand,  entirely  consists  of  cell/idoso,  which  seems  to  be  excreted 
from  the  surface  of  the  ‘ ectoplasm’  for  the  protection  of  its  con- 
tents ; it  is  usually  thick  and  strong,  and  can  often  be  seen  to 
consist  of  several  layers.  The  ‘ ectoplasm’ and  ‘ cellulose  Wcdl  can 
be  readily  distinguished  from  one  another  by  Chemical  tests  (§  204) ; 
and  also  by  the  action  of  Carmine,  which  stains  the  protoplasmic 
substance  (when  dead)  without  affecting  the  cellulose-wall.  ^ 

224.  The  contents  of  the  Plant- cell,  which  may^  be  collectively 
termed  the  endo'plasin  (answering  to  the  ‘ endosarc  of  Rhizopods), 
or,  when  strongly  coloured  throughout  (as  in  many  Algce)  the  endo- 
clirome,  consist  in  the  first  place  of  the  layer  of  protoplasmic  sub- 
stance which  lines  the  ‘ ectoplasm ; secondly , of  a watery  flrud, 
called  ‘ cell-sap,’ which  holds  in  solution  sugar,  vegetable  acids,  sahne 
matters,  &c. ; thirdly,  of  the  peculiar  body  termed  the  ‘nucleus;’ 
and  fourthly,  of  chlorophyll-corpuscles  (enclosing  starch-granules), 
oil-particles,  &c. — In  the  young  state  of  the  cell,^  the  whole  cavity 
is  occupied  by  the  protoplasmic  substance,  which  is,  however,  ^scid 
and  oranular  near  the  ceU-waU,  but  more  watery  towards_  the  in- 
terior. With  the  enlargement  of  the  cell  and  the  imbibition  of 
water,  clear  spaces  tenned  vacuoles,  filled  with  watery  cell-sap, 
are  seen  in  the  protoplasmic  substance ; and  these  progressively 
increase  in  size  and  number,  until  they  come  to  occupy  a consider- 
able proportion  of  the  cavity,  the  protoidasm  stretching  across  it 
as  an  irregular  network  of  bands.  Where,  as  usually  happens,  the 
‘nucleus’  lies  imbedded  in  the  outer  protoplasmic  layers,  these 
bands  are  gradually  withdrawn  into  it,  so  that  the  separate 
vacuoles  unite  into  one  large  general  vacuole  which  is  filled  '^vith 
watery  cell-sap.  But  where  the  ‘ nucleus’  occupies  the  centre  ot 
the  cell,  part  of  the  protoplasm  collects  around  it,  and  bands  or 
threads  of  protoplasm  stretch  thence  to  various  parts  _ of  the 
parietal  layer.  It  is  by  the  contractility  of  the  protoplasmic  layer, 
that  the  curious  ‘ cyclosis’  hereafter  to  be  described  (§  2o8)  is 


carried-on  within  the  Plant-cell,  which  is  the  most  iirieresting  to 
nf  nil  its  manifestations  of  vital  activity,  ihe 
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acetic  acid.  Though  the  precise  function  of  the  nucleus  is  still 
unknown,  there  can  be  no  reasonable  doubt  of  its  peculiar  relation 
to  the  vital  activity  of  the  cell : for  in  the  nucleated  cells  which 
I exhibit  ‘ cyclosis,’  it  may  be  observed  that  if  the  nucleus  remains 
' attached  to  the  ceU-wall,  it  constitutes  a centre  from  which  the 
l^rotoplasmic  streams  diverge,  and  to  which  they  return  ; whilst  if 
I it  retains  its  freedom  to  wander  about,  the  course  of  the  streams 
alters  in  conformity  with  its  position.  But  it  is  in  the  multiplica- 
tion of  cells  by  binary  subdivision  which  will  be  presently  described 
(§  226),  that  the  speciality  of  the  nucleus  as  the  centre  of  the  vital 
activity  of  the  cell  is  most  strongly  manifested. — The  chlorophyll 
corpuscles,  which  are  limited  to  the  cells  of  the  parts  of  plants 
acted-on  by  light,  are  specialized  particles  of  protoplasm  through 
I which  a green  colouring  matter  is  diffused  ; and  it  is  by  them  that 
1 the  work  of  decomposing  CO",  and  of  ‘ fixing  ’ its  carbon,  by  union 

; with  the  oxygen  and  hydrogen  of  water,  into  starch  (which  seems  to 

: be  the  basis  of  all  other  vegetable  comjjounds),  is  effected.  The 

j characteristic  green  of  clilorophyll  often  gives  place  to  other  colours, 
I which  seem  to  be  produced  from  it  by  chemical  action. — Starch- 
l grains  are  always  foimed  in  the  first  instance  in  the  interior  of  the 
chlorophyll-corpuscles,  and  gradually  increase  in  size  until  they 
take  the  places  of  the  corpuscles  that  produced  them.  So  long  as 
they  continue  to  grow,  they  are  always  imbedded  in  the  protoplasm 
of  the  cell ; and  it  is  only  when  fully  formed,  that  they  lie  free 
within  its  cavity  (Fig.  246). 

225.  But  although  these  component  parts  may  be  made-out 
without  any  difficulty  in  a large  proportion  of  Vegetable  Cells,  yet 
they  cannot  be  distinguished  in  some  of  those  humble  organisms 
which  are  nearest  to  the  border-line  between  the  two  Kingdoms. 
For  in  them  we  find  the  ‘ cell- wall  ’ very  imperfectly  differentiated 
from  the  ‘ cell-contents the  former  not  having  by  any  means 
the  firmness  of  a perfect  membrane,  and  the  latter  not  possessing 
the  liquidity  which  elsewhere  characterizes  them.  And  in  some 
instances  the  cell  appears  to  be  represented  only  by  a mass  of 
endochrome,  so  viscid  as  to  retain  its  external  form  without  any 
limitary  membrane,  though  the  superficial  layer  seems  to  have  a 
firmer  consistence  than  the  interior  substance ; and  this  may  or 
may  not  be  surrounded  by  a gelatinous-looking  envelope,  which  is 
equally  far  from  possessing  a membranous  firmness,  and  yet  is  the 
only  representative  of  the  cellulose-wall.  This  viscid  endochrome 
consists,  as  elsewhere,  of  a colourless  protoplasm,  through  which 
minute  colouring  particles  are  diffused,  sometimes  uniformly,  some- 
times in  local  aggregations,  leaving  parts  of  the  protoplasm  un- 
coloured. The  superficial  layer,  in  particular,  is  frequently  destitute 
of  colour ; and  the  partial  solidification  of  its  surface  gives  it  the 
character  of  an  ‘ ectoplasm.’  The  nucleus,  as  already  mentioned,  is 
frequently  absent  from  the  cells  of  the  lower  Protophytes. — It  is 
an  extremely  curious  feature  in  the  cell-life  of  certain  Protophytes, 
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that  they  not  only  move  like  Animalcules  by  cilia  or  flagella,  but 
that  they  exhibit  the  rhythmicallpr-contracting  vacuoles  which  are 
specially'  characteristic  of  Frotozotc  organisms.  . 

226.  So  far  as  we  yet  know,  every  Vegetable  Cell  derives  its 
existence  from  a pre-existing  cell;  and  this  derivation  may  take 
place  (in  the  ordinary  process  of  growth  and  extension,  as  mstm- 
guished  from  ‘ sexual  generation’)  in  one  of  two  modes : -either  (1) 
binary  subdivision  of  the  parent-cell,  or  {2)  free  cell-formahon  ^thm 
the  parent-cell.— The  first  stage  of  the  former  process  consists  in 
the  elongation  and  transverse  constriction  of  the  nucleus  ; and  this 
constriction  becomes  deeper  and  deeper,  untfl  the  nucleus  divides 
itself  into  two  halves  (Fig.  139,  B,  a,  a').  The^se  then  separatmg 
from  each  other,  the  endoplasm  of  the  parent-cell  coUects  round  the 

Fig.  139. 


Duplicative  Suhdivision  of  Cells  in  Endosperm  of  Seed  of 
Scarlet-runner:— A,  ordinary  cell,  with  nucleus  a,  and  nucleo- 
lus b,  imbeded  in  its  protoplasm B,  cell  showng  subdivision 
of  nucleus  into  two  halves,  a and  c,  cell  in  sime  stage, 
showing  contraction  of  endoplasm  (producod  by  addition  of 
water),  into  two  separate  masses  round  the  two  ®'^Sme’i^ 
original  nucleus ; — d,  two  complete  cells  within  mother-cel , 
divided  by  partition. 

two  new  centres,  so  as  to  divide  itself  into  two  distmct  masses 
(c  a,  a');  and  by  the  investment  of  these  two  secondary  endo- 
•nlasms  ’ first  with  ‘ ectoplasms,’  and  afterwards  with  celWosc-wi  . 

of  new  ?ells  (d,  a,  a')  is  formed  within  the  cavity  of 
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the  parent-cell.— The  latter  process,  which  is  very  common  amono- 
I rotophytes  (being  that  by  which  ‘ zoospores,’  or  ‘ swarm- snores*^ 
are  commonly  produced,  § 245),  is  chiefly  seen  among  Phaneroo-ams 
m the  production  of  a number  of  cells  at  once  within  the  cavity  of 
the  embryo-sac’  (§  349),  which  may  itself  be  considered  as  a dis- 
tended parenLcell.  The  endoplasm,  in  the  former  of  these  cases, 
instead  of  dividingitself  into  two  halves,  usually  breaks  uid  into  nume- 
■ with  one  another  in  size  and  form 

1^.  149),  each  of  which  escaping  from  the  parent  cavity  becomes 
an  independent  cell,  and  gives  origin  by  duplicative  subdivision  to 
a new  labnc  In  the  second  case,  the  endoplasm  groups  itself,  more 
01  less  completely,  round  several  centres,  each  of  which  may  or  may 
not  contain  a nucleus  m the  first  instance ; and  these  secondary 
ceils,  in  vanons_  stages  of  development,  lie  free  within  the  cavity  of 
the  parent-cell,  imbedded  in  its  residual  endoplasm,  each  proceeding 
to  complete  itself  as  a cell  by  the  formation  of  a Limiting  wall,  and 

^ if  none  was  jireviously  present 

(±ig.  140).  Now,  in  this  second  case,  as  the  new  brood  of  cells 
contmnes  to  foian  part  of  the  fabric  in  which  it  originated,  its  pro- 

Eig.  ho. 


of  free  Cell-formation  in  Embryo-sac  of 
Seed  of  Scarlet-1  unner a,  a,  completed  cells,  each  bavin  c- 
ils  proper  cell-wall,  nucleus,  and  endoplasm,  lyinff  in  a proto- 
pksmic  mass,  through  which  are  dispersed  nuclei  and  cells  in 
v.aiious  stages  of  development. 

‘‘ri  Jithough,  m the  first  ease, 
le  setting-tree  of  the  swarm-spores’  from  the  parent-ceU  culls 

- secondary  organisms^thisL  nonmre 

■ imr  fmfb  f strictness  as  a new  generation,’  than  is  the  pnt- 

>mg-forth  of  a new  set  of  leaf-buds  by  a tree-e^ery  one  of  tlJem 

, ation,  in  any  I lianerorjaTmc  plant,  has  its  origin  in  the 

T 
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fertilization  of  a highly  specialized  ‘ germ-cell’  (contained  within  the 
ovule)  by  the  contents  of  a ‘ sperm-cell’  (the  pollen-grain),  so  do  we 
find  among  all  save  the  lowest  GTyptoga/ms  a provision  for  the 
union  of  the  contents  of  two  higldy  specialized  cells ; the  ‘ germ- 
cells’  being  fertilized  by  the  access  of  motile  filaments  (anthero- 
zoids),  set  free  from  the  cavities  of  the  ‘ sperm-cells’  within  which 
they  were  developed  (§  259).  But  although  the  sexual  process  can  be 
traced  downwards  under  tliis  form  into  the  group  of  Protophytes, 
we  find  among  the  lower  types  of  that  group  a yet  simpler  mode  of 
bringing  it  about ; for  there  is  strong  reason  to  regard  the  act  of 
‘ conjugation,’  which  takes  place  among  the  ‘ unicellular’  AlgM 
(^§  229,  235),  in  the  same  light,  and  to  look  upon  the  ‘oospore* 
which  is  its  immediate  product,  as  the  originator  (like  the  fertihzed 
embryo-cell  of  the  Phanerogamic  seed)  of  a new  generation. 

227.  In  the  lowest  forms  of  vegetation,  every  single  cell  is  not  only 
capable  of  hying  in  a state  of  isolation  from  the  rest,  but  even 
normally  does  so ; and  thus  the  plant  may  be  said  to  be  unicel- 
lular, every  cell  having  an  independent  ‘ individuafity.’  '^ere  are 
others,  again,  in  which  amorphous  masses  are  made  up  by  the  aggre- 
o-ation  of  cells,  which,  though  quite  capable  of  hving  independently, 
Remain  attached  to  each  other  by  the  mutual  fusion  (so  to  speak)  of 
their  gelatinous  investments.  And  there  are  others,  moreover,_in 
which  a definite  adhesion  exists  between  the  cells,  and  m 'svhicfi 
regular  plant-hke  structures  are  thus  formed,  notwithstanding  that 
every  cell  is  but  a repetition  of  every  other,  and  is  capable  of  living 
independently  if  detached,  so  as  stiU  to  answer  to  the  designa- 
tion of  a ‘ unicellular  ’ or  single-ceUed  Plant.  These  different  con- 
ditions we  shall  find  to  arise  out  of  the  mode  in  which  each  particular 
species  multipHes  by  binary  subdivision  (§  226) : for  where  the  ceUs 
of  the  new  pair  that  is  produced  within  the  previous  ceU  undergo  a 
complete  separation  from  one  another,  they  will  henceforth  five  m- 
dependently ; but,  if,  instead  of  undergoing  this  complete  fission, 
they  should  be  held  together  by  the  intervening  gelatinous  envelope, 
a shapeless  mass  results  from  repeated  subdivisions  not  takmg 
place  on  any  determinate  plan;  and  if,  moreover,  the  bmaiy 
subdivision  should  always  take  place  in  a determinate 
a long  narrow  filament  (Fig.  145,  n),  or  a broad  flat  leaf- 

* The  teim  spore  has  been  long  used  by 
minute  reproductive  particles  (such  as  those  set  free  from  the 
Ferns  Mosses,  &c.\  which  were  supposed— m the  abscmce  of  all  knowledge 
their  sexual  relatioL— to  be  the  equivalents  of  the  Seeds  of  vdues 

But  it  is  now  known  that  such  ‘ spores’  h.ave(so  to  speak) 
in  different  cases ; being,  in  by  far  the  larger  proportion  of  f 

the  remote  descendants  of  the  fertilized  cell  f ■ {*  disd^^^^ 

the  sexual  act  under  any  of  its  forms.  Tins  cell  which  will  ^ 
throughout  the  present  treatise  as  the  oosiiore,  is  the  re.al  Flowering 

‘nrimordial  cell’  of  the  ‘embiyo’  developed  within  the  seed  of  f 
pfant.  On  the  other  hand,  the  various  kinds  of  non-sexwil  f 

Cryptogams,  which  have  received  a great  variety  of  desipatious,  f 

(as  will  bo  presently  explained)  as  equivalents  of  the  leaf-buds  ot 

Flowering  plants.  (See  the  next  Kote.) 
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expansion  (g),  may  be  generated.  To  such  extended  fabrics  the 
term  ‘ unicellular  ’ plants  can  scarcely  be  applied  with  propriety  ; 
since  they  may  be  built-up  of  many  thousands  or  milhons  of  dis- 
tinct cells,  wliich  have  no  disposition  to  separate  from  each  other 
spontaneously.  Still  they  correspond  with  those  which  are  strictly 
imicellular,  as  to  the  absence  of  differentiation  either  in  struc- 
ture or  in  actions  between  their  component  cells  ; each  one  of 
these  being  a repetition  of  the  rest,  and  no  relation  of  mutual 
dependence  existing  among  them.  And'all  such  simple  organ- 
isms, therefore,  may  still  be  included  under  the  general  term  of 
Protophytes. 

228.  Excluding  Lichens,  for  the  reasons  to  be  stated  hereafter 
(§  325),  Botanists  now  rank  these  Protophytes  under  two  series  ; — 
dZf/te,  which  form  chlorophyll,  and  can  supjDort  themselves  upon 
air,  water,  and  mineral  matters ; and  Fungi,  which,  not  forming 
chlorophyll  for  themselves,  depend  for  their  nutriment  upon  materials 
drawn  from  other  organisms.  Each  series  contains  a large  variety 
of  forms,  which,  when  traced  from  below  uj)wards,  present  grada- 
tionaUy  increasing  complexities  of  structure ; and  these  gradations 
show  themselves  especially  in  the  provisions  made  for  the  Grenera- 
tive  process.  Thus,  in  the  lowest,  a ‘ zygospore’  is  produced  by  the 
fusion  of  the  contents  of  two  cells,  wliich  neither  jiresent  any 
> sexual  difference,  the  one  from  the  other,  nor  can  be  distinguished  in 
;i  any  way  from  the  rest  (§  229).  In  the  following  stage,  while  the  ‘ con- 
jugating’  cells  are  still  apparently  undifferentiated  from  the  rest  of 
! the  structui-e,  a sexual  difference  shows  itself  between  them ; the 
contents  of  one  ceU_  (male)  passing  over  iuto  the  cavity  of  the  other 
(female),  within  which  the  ‘ zygospore  is  formed  (§  235).  The  next 
■■  stage  in  the  ascent  is  the  resolution  of  the  contents  of  the  male 
• cell  into  motile  filaments  (‘ an theroids ’),  which,  escaping  from  it, 
1 move  freely  through  the  water,  and  find  their  way  to  the  female 

■ cell,  whose  contents,  feriilized  by  mixture  with  the  material  they  bring 
f (§  249),  foi-m  an  ‘ oospore.’  In  the  lower  fornis  of  this  stage,  again,  the 

■ generative  cells  are  not  distinguishable  from  the  rest,  until  the  con- 
tents begin  to  show  their  characteristically  sexual  aspect  (§  253) ; but 
in  the  higher  they  are  developed  in  special  organs,  constituting  a true 

fructification’  (§  259).  This  must,  however,  be  distinguished  from 
1 1 organs,  which,  though  commonly  spoken  of  as  the  ‘fructification,’ 
^ have  no  rea/1  a,nalogy  with  the  generative  apparatus  of  Eloweiing- 
plants ; their  function  being  merely  to  give  origin  to  gonidial*  cells 

. * f^onidia,  originally  applied  to  certain  green  cells  in  the  Liclien- 

reproducing  the  vegetative  portion 
01  ine  - lant  (§  325),  has  latterly  conie  into  use  as  a designation  of  the  non-sexual 
»^e»ot  Oi^ptoganiia  generally,  which  it  is  veiy  important  to  disciiminate  from 
no  pnerative  • oospores.’  If  possessed  of  motile  powers,  they  are  spoken  of  as 
or  sometimes  (on  account  of  the  appearance  tliey  present  when  a 
‘rrw?tn  ^ ^ ‘ swanu-spores.’  In  contradistinction  to 

I ^pidia  or  zoospores,’  those  which  show  no  movement  are  often 

' » res<i;w  spores  or  xtatospores ; but  such  may  be  either  sexual  odwores  or 

- cxual  gontdia ; the  latter,  like  the  former,  often  ‘ encysting’  themselves 

T 2 
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or  groups  of  cells,  wliich  simply  multq'thj  the  parent  stock,  in  the 
same  manner  that  many  Flowering-plants  (such  as  the  Potato),  can 
he  propagated  by  the  artificial  separation  of  their  leaf -buds.  It 
frequently  happens  among  Cryptogamia,  that  this  (jonidial  fruc- 
tification is  by  far  the  more  conspicuous ; the  sertial  fructifica- 
tion being  often  so  obscure  that  it  cannot  be  detected  at  all  without 
great  difficulty.  And  we  shall  presently  see  that  there  are  some  Pro- 
tophytes  in  which  the  production  of  gonidia  seems  to  go  on  indefi- 
nitely, no  form  of  sexual  generation  having  been  detected  in  them 
(§  245). — These  general  statements  will  now  be  illustrated  by 
sketches  of  the  Life-lnstory  of  some  of  those  humble  Protophytes, 
which  present  the  phenomena  of  ceU-division,  conjugation,  and 
gonidial  multiplication,  under  their  simplest  and  most  instructive 

aspect.  /T^-.  • X 

229.  The  first  of  these  is  the  Palmoglcm  macrococca  (Kutzmg) ; 

one  of  those  humble  kinds  of  vegetation  which  spreads  itseh  as  a 
green  slime  over  damp  stones,  walls,  &c.  When  this  slime  is 
examined  with  the  microscope,  it  is  found  to  consist  of  a multitude 
of  green  cells  (Plate  vin.,  fig.,  1,  a),  each  surrounded  by  a gelatinous 
envelope ; the  cell,  which  does  not  seem  to  have  any  distiinct  mem- 
branous wall,  is  filled  with  a granular  ‘ endochrome’  consisting  of  j 
o-reen  particles  diffused  through  colourless  protoplasm ; and  in  the 
midst  of  this  a nucleus  may  sometimes  be  distinguished,  but  can 
always  be  brought  into  view  by  tincture  of  iodine,  which  turns  the 
‘ endochrome'  cell  to  a brownish  hue,  and  makes  the  nucleus  (g) 
dark  brown.  Other  cells  are  seen  (b),  which  are  considerably 
elongated,  some  of  them  beginning  to  jDresent  a sort  of  hour-glass 
contraction  across  the  middle  ; and  when  cells  in  this  condition  are 
treated  with  tincture  of  iodine,  the  nucleus  is  seen  to  be  undergoing 
the  like  elongation  and  constriction  (h).  A more  advanced  state  of 
the  process  of  subdivision  is  seen  at  c,  in  which  the  constriction  has 
proceeded  to  the  exTent  of  completely  cutting-ofi  the  two  halves  of 
the  cell,  as  well  as  of  the  nucleus  (i),  from  each  other,  though  they 
still  remain  in  mutual  contact ; but  in  a yet  later  stage  they  are 
found  detached  from  each  other  (n),  though  stiU  included  withm  ; 
the  same  gelatinous  envelope.  Each  new  ceU  then  begins  to  secrete 
its  own  gelatinous  envelope,  so  that  by  its  intervention,  the  two  are 
usually  soon  separated  from  one  another  (e).  Sometimes,  however, 
this  is  not  the  case ; the  process  of  subdivision  being  quickly  repeated 
before  there  is  time  for  the  production  of  the  gelatmous  envelope, 
so  that  a series  of  cells  (f)  hanging-on  one  to_  another  is  produced. 
There  appears  to  be  no  definite  limit  to  this  kind  of  multiphcation : 
and  extensive  areas  may  be  quickly  covered,  in  circumstances  ; 
favourable  to  the  growth  of  the  plant,  by  the  products  of  the  binary 


in  a firm  envelope,  and  remaining  dormant  within  it  for  long  penods  of  tmn . 
Gonidial  spores,  again,  are  sometimes  distinctively  named  according  to  the 
size  - some^of  them,  which  consist  of  numerous  cell-particlcs  clustered  togethei, 
iicine  designated  macro-ymiidin,  in  contrast  to  the  mkro-gomd,a  consisting  of 
single  cell-particles,  which,  wlien  motile,  are  known  as  ■ zoospores. 
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Developme.'it  or  Pai.mogliea  akd  Peotoccocus. 
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CONJUGATION  OF  PEOTOPHYTES.  277 

1 (■  subdivision  of  one  primordial  cell.  This,  as  already  shown  (§  226), 
1 --S  really  an  act  of  gi-oiotli,  which  continues  indefinitely  so  long  as 
\ noistnre  is  abundant,  and  the  temperature  lovr. — But  under  the 
< anfiuence  of  heat  and  dryness,  the  process  of  cell-multiplication 
( ','^dves  place  to  that  of  ‘ conjugation;’  in  which  two  cells,  apjparently 
3 '■similar  in  all  respects,  fuse  together  for  the  production  of  a 
zygospore,’  wliich  (like  the  seed  of  a Flowering-plant)  can  endure 
loeing  reduced  to  a quiescent  state  for  an  unhmited  time,  and  may 
! oe  so  conqjletely  dried  up  as  to  seem  Hke  a particle  of  dust,  yet 
r;esunies  its  vegetative  activity  whenever  placed  in  the  conditions 
l.:avourable  to  it.  The  conjugating  jDrocess  commences  by  the 
; outting-forth  of  protrusions  from  the  boundaries  of  two  adjacent 
* ;ells,  which  meet,  fuse  together  (thereby  showing  the  want  of  firm- 
[I'less  of  their  ‘ ectoplasms’),  and  form  a connecting  bridge  between 
;heir  cavities  (k).  The  fusion  extends  before  long  through  a large 
i oart  of  the  contiguous  sides  of  the  two  cells  (l)  ; and  at  last  becomes 
io  complete,  that  the  combined  mass  (m)  shows  no  trace  of  its 
; louble  origin.  It  soon  forms  for  itself  a firm  cellulose  envelope, 

I vhich  bursts  when  the  ‘ zygospore’  is  wetted ; and  the  contained  cell 
oegins  hfe  as  a new  (/eno'urio?!,  speedily  multiplying,  Hke  the  former 
)nes,  by  binary  subdivision. — It  is  curious  to  observe  that  during 
his  conjugating  process  a production  of  oil-particles  takes  place  in 
he  cells ; these  at  first  are  small  and  distant,  but  gradually  become 
•arger,  and  approximate  more  closely  to  each  other,  and  at  last 
oalesce  so  as  to  form  oil-drops  of  various  sizes,  the  green  granular 
naatter  disappearing ; and  the  colour  of  the  conjugated  body 
lhanges,  with  the  advance  of  this  process,  from  green  to  a Hght 
ellowish-brown.  When  the  zygospore  begins  to  vegetate,  on  the 
kther  hand,  a converse  change  occurs  ; the  oil-globules  disappear, 
■nd  green  granular  matter  takes  their  place.  This  is  precisely 
f^^hat  happens  in  the  formation  of  the  seed  among  the  higher 
’ Hants  ; for  starchy  snbstances  are  transformed  into  oil,  which  is 
. tored  np  in  the  seed  for  the  nutrition  of  the  embryo,  and  is  apj)Hed 
unng  germination  to  the  purposes  which  are  at  other  times 
1 nswered  by  them. 

seems  probable)  constitutes  the  entire  life-cycle 
I f the  PalmofilcBa,  it  affords  no  example  of  that  curious  ‘ motile’ 
tage  which  is  exhibited  by  most  Algal  protophytes  in  some  stage 
t their  existence,  and  which  constitutes  a large  part  of  the  life- 
istory  of  the  minute  unicellular  organism  now  to  be  described,  the 
roiocMGCus  iniivialis*  (Plate  viii.,  fig.  2),  which  is  not  uncommon  in 

* The  Author  liad  uuder  his  own  observation,  thirty- five  years  ago,  an  extra- 
, dinary  aoimdance  of  what  ho  now  feels  satisfied  must  have  been  this  Proto- 
I ' byte,  in  an  open  rain-water  cistern  which  had  been  newly  cleaned-out.  His 
once  was  attracted  to  it  by  seeing  the  surface  of  the  water  covered  with  a 
rreen  froth,  whenever  the  sun  shone  upon  it.  On  examining  a portion  of  this 
■ oth  under  the  Microscope,  he  found  that  the  water  -was  crowded  with  green 
I ' ills  in  active  motion  ; and  although  the  only  bodies  at  all  resembling  tlioni  of 
" hich  he  could  find  any  description,  were  the  so-called  Animalcules  constituting 
! • 10  genus  Cklamijilommas  of  Prof.  Ehrenbei-g,  and  very  little  was  known  at 
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collections  of  rain-water.  Not  only  lias  this  Protophyte,  in  it.s 
motile-condition,  been  very  commonly  regarded  as  an  Aninialcule, 
but  its  different  states  have  been  described  under  several  different 
names.  In  the  first  place,  the  colo^ir  of  its  cells  varies  consider- 
ably ; since,  although  they  are  usually  green  at  the  period  of  their 
most  active  life,  they  are  sometimes  red ; and  their  red  form  Jias 
received  the  distinguishing  appellation  of  Ilaimatococcus.  V ery 
commonly  the  red-colonring  matter  forms  only  a central  mass  of 
o’reater  or  less  size,  having  the  appearance  of  a nucleus  (as  shown 
at  e)  ; and  sometimes  it  is  reduced  to  a single  granular  point,  which 
has  been  erroneously  represented  by  Prof.  Ehrenberg  as  the  eye  of 
these  so-called  Animalcules.  It  is  quite  certain  that  the  red 
colouring-substance  is  very  nearly  related  in  its  chemical  charactei 
to  the  green,  and  that  the  one  may  be  converted  into  the  other : 
thono’h  the  conditions  under  which  this  conversion  takes  pl^e  are 
not  precisely  known.  In  the  stUiL  form  of  the  cell,  with  which  we 
may  commence  the  history  of  its  life,  the  endoplasm  consists  of  a 
colourless  protoplasm,  through  which  red  or  green-coloured  granules 
are  more  or  less  uniformly  diffused ; and  the  surface  of  the  colcmr- 
less  protoplasm  is  condensed  into  an  ectoplasm,  which  is  surrouimed 
by  a tolerably  firm  layer,  consisting  of  cellulose  or  of  some  modifica- 
tion of  it.  Outside  this  (as  show^  at  a),  when  the  ‘ stdl  cell  is 
formed  by  a change  in  the  condition  of  a cell  that  has  been  pre- 
viously ‘ motile,’  we  find  another  envelope,  which  seerus  to  be  of  the 
same  nature,  but  which  is  separated  by  the  interposffmn  of  aqueous 
fluid;  this,  however,  may  be  altogether  wanting.  The  inultipuca- 
tion  of  the  ‘ still’  cells  by  subdivision  takes  place  as  m Pahnoglcea ; 
the  endoplasm  first  undergoing  separation  into  two  halves  (as  seen 
at  B),  and  each  of  these  halves  subsequently  developing  a cellulose 
envelope  around  itself,  and  undergoing  the  same  division^  m i s 
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its  transformation  into 


a gelatinous  investment,  in 


together  by 

^vluch  they  remain  imbedded.  Sometimes  the  endoplasm  sub- 
divides at  once  into  four  segments  (as  at  n),  of  wliich  every  one 
forthwith  acquires  the  characters  of  an  indej^endent  cell;  but 
this,  although  an  ordinary  method  of  multiplication  among  the 
‘ motile’  cells,  is  comparatively  rare  in  the  ‘ still’  condition.  Some- 
times, again,  the  endoplasm  of  the  ‘ still  ’ form  subdivides  at  once 
into  eight  portions,  which,  being  of  small  size,  and  endowed  with 
motile  power,  may  be  considered  as  zoospores.  It  is  not  quite  clear 
what  becomes  of  these  ; but  there  is  reason  to  believe  that  some  of 
them  retain  their  motile  powers,  and  develops  themselves  into 
the  ordinary  * motde’  cells ; that  others  produce  a firm  cellulose 
envelope,  and  become  ‘ still  ’ cells  ; and  that  others  (perhaps  the 
majority)  perish  without  any  further  change. 

231.  VVhen  the  ordinary  self-division  of  the  ‘stiU^  cells  into 
two  segments  has  been  repeated  four  times,  so  as  to  pi’oduce  16 
cells  ^and  sometimes  at  an  earlier  period — the  new  cells  thus 
produced  assume  the  ‘ motile’  condition ; being  liberated  before 
the  development  of  the  cellulose  envelope,  and  becoming  furnished 
Avith  two  long  vibratile  flagella,  which  seem  to  be  extensions  of  the 
colourless  protoplasm-layer  that  accumulates  at  their  base  so  as  to 
form  a sort  of  transparent  beak  (h).  In  this  condition  it  seems 
obvious  that  the  colourless  protoplasm  is  more  developed  relatively 
to  the  colouring-matter,  than  it  is  in  the  ‘ still  ’ cells  ; and  it  usually 
contains  ‘ vacuoles’  occupied  only  by  clear  aqueous  fluid,  which  are 
sometimes  so  numerous  as  to  take-in  a large  i3art  of  the  cavity  of 
the  cell,  so  that  the  coloured  contents  seem  only  like  a deposit  on 
its  walls.  Before  long,  this  ‘ motile’  cell  acquires  a peculiar  saccu- 
lar mvestment,  which  seems  to  corresjpond  with  the  cellulose  enve- 
lope of  the  ‘ stiU  ’ cells,  but  is  not  so  firm  in  its  consistence  (i,  K,  l); 
and  between  this  and  the  surface  of  the  ectoplasm  a considerable 
sjmce  intervenes,  traversed  by  thread-like  extensions  of  the  latter, 
wmch  are  rendered  more  distinct  by  iodine,  and  can  be  made  to 
retract  by  means  of_  re-agents.  The  flagella  pass  through  the 
cellulose  envelope,  which  invests  their  base  with  a sori  of  sheath ; 
and  in  the  portion  that  is  within  this  sheath  no  movement  is  seen. 

ui mg  the  active  life  of  the  ‘motile’  cell,  the  vibration  of  these 
nagella  is  so  rapid,  that  it  can  be  recognised  only  by  the  currents 
It  produces  in  the  water  through  which  the  cells  are  quickly  pro- 
pelled ; but  Avhen  the  motion  becomes  slacker,  the  filaments  them- 
se  \ es  are  readily  distinguishable ; and  they  may  be  made  more 
obvious  by  the  addition  of  iodine. 

_ 232.  The  multiplication  of  these  ‘motile’  cells  may  take  place 
modes,  giving  rise  to  a great  variety  of  appearances, 
feometimes  they  undergo  a regular  binary  subdivision  (b),  whereby  a 
motile  cells  is  produced  (c),  each  resembling  its  single  pre- 
lion  cellulose  investment,  the  transparent 

oeak  and  the  vibratile  filaments,  before  the  dissolution  of  the  ori- 
g uai  investment.  Sometimes,  again,  the  contents  of  the  primordial 
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cell  undergo  a segmentation  in  the  first  instance  into  four  divi- 
sions (n) ; wliich  may  either  become  isolated  by  the  dissolution 
of  their  envelope,  and  may  separate  from  each  other  in  the  con- 
dition of  free  primordial  utricles  (ii),  developing  their  cellulose 
investments  at  a future  time;  or  may  acquire  their  cellulose 
investments  (as  in  the  preceding  case)  before  the  solution  of  that 
of  the  original  cell;  while  sometimes,  even  after  the  disappearance 
of  this,  and  the  formation  of  their  own  independent  investments, 
they  remain  attached  to  each  other  at  their  beaked  extremities, 
the  primordial  utricles  being  connected  with  each  other  by  pedun- 
cular prolongations,  and  the  whole  compound  body  having  the  form 
of  a +.  This  quaternary  segmentation  appears  to  be  a more 
frequent  mode  of  multiplication  among  the  ‘motile’  cells,  than 
the  subdivision  into  two ; although,  as  we  have  seen,  it  is  less 
common  in  the  ‘ stiU’  condition.  So,  also,  a primary  segmentation 
of  the  entire  endochrome  of  the  ‘ motile’  cells  into  8, 16,  or  even 
32  parts,  may  take  place  (e,  e),  thus  giving  rise  to  as  many  minute 
gonidial  cells.  These  micro-gonidia,  when  set  free,  and  possess- 
ing active  powers  of  movement,  rank  as  ‘ zoospores’  (g)  : they  may 
either  develope  a loose  cellulose  investment  or  cyst,  so  as  to  attain 
the  full  dimensions  of  the  ordinary  motile  cells  (i,  K),  or  they  may 
become  clothed  -with  a dense  envelope  and  lose  their  flageUa, 
thus  passing  into  the  ‘ still  ’ condition  (a)  ; and  this  last  trans- 
formation may  even  take  place  before  they  are  set  free  from,  the 
envelope  within  which  they  were  produced,  so  that  they  constitote 
a mulberry -hke  mass,  which  fills  the  whole  cavity  of  the  original 
cell,  and  is  kept  in  motion  by  its  flagella. 

233.  These  varied  forms,  whose  relation  to  each  other  has  been 
clearly  proved  by  watching  the  successional  changes  that  make  up 
the  history  of  this  one  Plant,  have  been  described,  not  merely  as 
distinct  species,  but  as  distinct  genera  of  Animalcules,  such  as 
Glilarti'ijdomonas,  Euglena,  Trachelomonas,  Gyges,  Goniwui,  Paiido- 
rina,  Botryocystis,  TJvella,  Byncrypta,  Monas,  Astasia,  Bodo,  and 
probably  many  others.  Certain  forms,  such  as  the  ‘ motile’  cells 
[,  K,  L,  appear  in  a given  infusion,  at  first  exclusively  and  then 
principally ; they  gradually  diminish,  become  more  and  more  rare, 
and  finally  disappear  altogether,  being  replaced  by  the_  ‘ still’  fonn. 
After  some  time,  the  number  of  the  ‘ motile’  cells  again  increases, 
and  reaches,  as  before,  an  extraordinary  amount ; and  this  alterna- 
tion may  be  repeated  several . times  in  the  course^  of  a few  weeks. 
The  jjrocess  of  segmentation  is  often  accomplished  Avith  great 
rapidity.  If  a number  of  motile  cells  be  transferred  from  a larger 
glass  into  a smaller,  it  will  be  found,  after  the  lapse  of  a few  hours, 
that  most  of  them  have  subsided  to  the  bottom ; in  the  course  of 
the  day,  they  will  all  be  observed  to  be  upon  the  point  of  sub- 
division ; on  the  following  morning,  the  divisional  brood  will 
become  quite  free ; and  on  the  next,  the  bottom  of  the  vessel  ^lU 
be  found  covered  with  a new  brood  of  self-dividing  cells,  whicli 
again  proceed  to  the  formation  of  a new  brood,  and  so  on.  I ne 
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activity  of  Motion  and  the  activity  of  Multiplication  seem  to  stand, 
in  some  degree,  in  a relation  of  reciprocity  to  each  other ; for  the 
self-dividing  process  takes-place  with  greater  rapidity  in  the  ‘ still  ’ 
cells,  than  it  does  in  the  ‘ motile.’ 

234.  What  are  the  precise  conditions  which  determine  the  tran- 
sition between  the  ‘ still  ’ and  the  ‘ motile’  states,  cannot  yet  be  pre- 
cisely stated ; but  the  influence  of  certain  agencies  can  be  predicted 
with  toleiable  certainty.  Thus  it  is  only  necessary  to  pour  the 
water  containing  these  organisms  from  a smaller  and  deeper  into 
a laig6i  and  sliallowcr  vGSS6lj  at  oncG  to  dotcrmiiiG  SGgniGiitatioii 
in  numerous  cells  a phenomenon  which  is  observable  also  in 

The  ‘ motile’  cells  seem  to  be  favourably 
attected  by  Light,  for  they  collect  themselves  at  the  surface  of  the 
water  and  at  the  edges  of  the  vessel ; but  when  they  are  about  to 
imdei^o  segmentation,  or  to  pass  into  the  ‘ stiU’  condition,  they 
i.  XI  tiottom  of  the  vessel,  or  retreat  to  that  part  of  it  in 
which  they ^are  least  subjected  to  hght.  When  kejit  in  the  dark, 
u-  undergo  a great  diminution  of  their  chlorophyll, 

Avhich  becomes  very  pale,  and  is  difi-used,  instead  of  forming  definite 
granules  ; they  continue  their  movement,  however,  uninterruptedly, 
vuthout  either  sinking  to  the_  bottom,  or  jiassing  into  the  still 
torm  or  undergoing  segmentation.  A moderate  warmth,  particu- 
larly that  of  the  vernal  sun,  is  favourable  to  the  development  of 
the  motile  cells;  but  a temperature  of  excessive  elevation  pre- 
vents it.  Eapid  evaporation  of  the  water  in  which  the  ‘motile’ 
terms  may  be  contained,  kiUs  them  at  once  ; but  a more  gradual 
loss,  pch  as  takes-place  in  deep  glasses,  causes  them  merely  to 
pass  into  the  still  ’ form  ; and  in  this  condition— especiaUy  when 
they  have  assumed  a red  hue— they  may  be  completely  dried-up, 
and  may  remam  in  a state  of  dormant  vitality  for  many  years.  It 

wafted-about  in  atmospheric  currents, 
and  that,  being  brought-down  by  rain  into  pools,  cisterns,  &c., 
they  may  present  themselves  where  none  had  been  previously 
known  to  exist;  and  there,  under  favourable  circumstances,  they 
may  undergo  a very  rapM  multiplication,  and  may  maintain  them- 

<Jried-up,_or  some  other  change  occurs 
with  the  continuance  of  their  vital  activity 
int  subX  commonly  become  red  throughout,  the  red  colour- 
ference  itselt  from  the  centre  towards  the  circum- 

tLse  rprl  an  appearance  like  that  of  oil-drops  ; and 

float  iu  Ip  thick  cell-walls  and  a mucous  envelope, 

hH+p  « hocculent  aggregations  on  the  surface  of  the  water.  This 

Phrtes  Tml""  the  ‘ winter-spores  ’ of  other  Proto- 

Lu?e  thp  ^P  warmth,  air,  and  moisture 

^^to  the  ordinary  ‘ still  ’ 
produced,  until  the  red  siib- 
the  cvcW  Ph  central  part  of  the  endochrome.  After  this, 

the  Plant  mn already  described;  and 
laut  may  pass  through  a long  series  of  these,  before  it  returns 
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to  tho  stato  of  tho  Vi\l  thiok-walUnl  ooll.  In  which  it  may  a^uin 
iviuaiu  dovmaixt  foi‘  an  uulimitiHl  poriiHl. — hvcn  tliis  oyolo, 
howovov.  oaunot  ho  vogaixUnl  as  oomj'lotini;  tho  history  of  tho 
i‘roh)000«ais;  sinoo  it  doos  not  iuoludo  tho  oorformauoo  of  any  trno 
Gouovativo  act.  Thoro  oan  ho  littlo  donht  that,  in  sonio  stai;o  of 
its  oxistonoo,  a ‘ oonjnsjation’  of  two  oolls  ooonvs,  as  in  /’<t/n|o- 
: and  tl\o  attontion  of  ohsorvors  should  ho  dirivtinl  to  its 
disoovorv.  as  woU  as  to  tho  dotivtion  of  other  variotios  in  tho 
oouditioh  of  this  intoivsting  littlo  Klant.  which  will  ho  pnAmhly 
found  to  ]'>rosont  thomsolvos  hofoiv  and  altor  tho  porfornnuico  of 

that  act.*  . , . , , r • 

‘Jdo.  Xoarlv  rolatoil  to  the  forogvnng  m thouulopcndoncoof  their 
individnal  colls,  arv  tho  two  gronj>s  /Wmidioccd*  and  pUitonuu-nv. 
which,  in  a systomatic  view  .'rank  as  snhonlinato  divisions  of  tho 
familv  Coujmniitw ; thoir  tlonorativo  process  hoiug  porfornunl  in 
tho  same  simple  manuor  as  that  of  l\ih»ot]hv(i  *220).  hnt  tho.so 
two  trilvs  K'lng  of  stioh  special  interest  to  tho  Alicrviscopist  as  to 
ivquiu'  separate  treatment  t§  2t^0).  onlv  that  higher  group,  the 
Zwne'mnctw.  will  ho  hero  notiotnl.  in  which  tho  oolls  produced  by 
Iviuarv  sulKlivision  remain  attached  to  each  other,  end  to  end.  si» 
as  to  t'oi’in  long  uuhnuichod  tilamouts  (Hg.  141).  whoso  length  is 
oontinuallv  hoins?  inervasod  hy  a i*opotitiou  of  tho  same  process, 
which  may  tako^  place  in  any  part  of  the  tilaments.  and  not  at 
thoir  ends  alone.  Tho  plants  of  tliis  group  atv  not  *^« 

much  in  running  stwains,  as  in  waters  that  arc  jx'rfocuy  sti  , 
such  as  those  of  ponds.  ivsorvoii*s.  ditches,  or  marshy  gronnds; 
and  they  are  for  the  most  part  unattacluHl.  tloating  trooly  at  or 
near  the  surface,  esixvially  when  huoyed-up  hy  the  huhhles  of  gas 
which  are  lihenit^xl  fnnir  Uie  midst  of  them  under  the  intlueuce  of 
solar  hght  and  heat.  In  the  early  stage  of  their  growth,  lylulst  as 
yet  the  cells  are  undergoing  innltiphcatiou  hy  suhdiyision.  uie 
ondochroine  is  commonly  ditt'ustxl  pretty  uniformly  through  their 
cayities  (Fig.  141.  a);  hut  as  they  advance  towanls  the  ftas^'  of  cou- 
iiigation.  it  onlinarily  arranges  itself  into  ivgiilar  spirals  (ih.  though 
ciccasionally  in  some 'other  forms.  The  act  of  conpipition  usiiall> 
occurs  hetween  the  cells  of  twoilistinct  tilaments  that  happtn  c 
in  proximity  to  each  other:  and  all  the  cells  of  each 
.nmmiUy  take  part  in  it  at  once.  The  adiaceut  cells  put  forth  htUi 
protulieninces.  wliich  come  into  contact  wnth  each  otluw.  and  tlui 
coalesce  In*  the  hreaking-dowu  of  the  iuteryeuiiig  partitions,  so  a.> 
to  estahlis'li  a free  passage  between  the  cayihes  ot  the 
cells.  In  some  genera  of  tliis  family  Isiicli  as  'Y' 
coni  ligating  cells'^  pour  their  endochronies  into  a ililatation  of  t 

.'lu%he  aW  sketch,  tho  Author  has  rn'seuted 
Tir  r.din  under  tho  ivlatiou  which  they  seemed  to  huu  naturalh  to  bea  , 

^ »hk',  ,lu.y  Will  V in  '!>>■  fS; 

and  he  is  dad  to  W able  to  state,  fnuu  personal  ont  a IdeJ  of  the 

with  his  owu. 
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passage  that  has_  been  established  between  them  ; and  it  is  there 
that  they  commingle  so  as  to  form  the  ‘zygospore.’  But  in  the 
Znijaema  (Big.  141,  b),  which  is  among  the  commonest  and  best- 

Fio.  141. 


„ ^VOmma  quininum :—K,  tliree  cells 

tW  fiiamehsirth.  rsfst.fL?  f R 

trSs“'  ?f  th.  p’SSaSrs  s: 

of  thf  cells’ of conjugation,  the  endochroines 
rnamentt’l  ^hS^  tSz'go^  --  to  those  of 

i^X'thf  t)ne  ceU  passes  over  entirely 

into  the  cavity  oi  the  other;  and  it  is  within  the  latter  that  the 

ygospore  is  formed  (c),  the  two  endochromes  coalescing  into  a 

cells  of  onp’fils^P^^  +h  generally  observed  that  all  the 

the  othe?fiW?+  h themselves,  whilst  all  the  cells  of 

the  other  hlament  become  the  recipients  : here,  therefore  we  seem 

cenrinto  distinction  of  the  Generative 

see  in  the  which  we  shaU  presently 

see  in  the  filamentous  Cou/ejvaGece.  Multiiilication  by  ‘ zobsnore^ 
has  not  been  seen  to  take  place  among  the  Oonjiigatel  ^ 

the  transiUmi  ‘^o^posite  ‘motile  ’ forms  of  Frotococcus  (§  232), 
of  iSS  pgS  FoZ^ocmccn,-an  assemblage 

accomt  both  of  +h  gi-eatest  interest  to  the  Microscopist,  on 
aiid  ^the  i " :f^^^nialcule-like  activity  of  their  movLe^ts, 
remarkabL^Tsi,^?  regularity  of  their  foimis.  The  most 

(FRoxTKPm  i l the  well-known  Volvox  c/lobator 

which  attslnimr  n ih  fresh-water  jiools,  and 

inch  even  l-30thofan 

it  is  heldmi)  to  fbp'^r\^+^^  haked  eye  when  the  drop  containing 
P ight,  swimming  through  the  water  which  it 
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inhabits.  Its  onward  motion  is  usually  of  a rolling  kind ; but  it 
sometimes  glides  smoothly  along,  without  turning  on  its  axis ; 
whilst  sometimes,  again,  it  rotates  like  a top,  witnout  changing 
its  position.  When  examined  with  a sufficient  magnifying  power, 
the  Volvotii'.  is  seen  to  consist  of  a hollow  sphere,  composed  of  a 
very  pellucid  material,  which  is  studded  at  regular  intervals  with 
minute  green  spots,  and  which  is  often  (but  not  constantly)  tra- 
versed by  green  threads  connecting  these  spots  together.  ^ From 
each  of  the  spots  proceed  two  long  flagella ; so  that  the  entire  sur- 
face is  beset  with  these  lashing  filaments,  to  whose  combined 
action  its  movements  are  due.  Within  the  external  sphere  may 
generally  be  seen  from  two  to  twenty  other  globes,  of  a darker 
colour,  and  of  varying  sizes ; the  smaller  of  these  are  attached 
to  the  inner  surface  of  the  investing  sphere,  and  ]project  into 
its  cavity;  but  the  larger  he  freely  within  the  cavity,  and 
may  often  be  observed  to  revolve  by  the  agency  of  their  own 
flagella.  After  a time,  the  original  sphere  bursts,  and  the  con- 
tained spherules  swim  forth  and  speedily  develope  themselves 
into  the  likeness  of  that  within  wliich  they  have  been  evolved ; 
their  coloured  particles,  which  are  at  first  closely  aggregated 
together,  being  separated  from  each  other  by  the  interposition  of 
the  transparent  pellicle.— It  was  long  supposed  that  the  Volvo.c 
is  a single  Animal;  and  it  was  first  shown  to  be  a composite 
fabric,  made  up  of  a repetition  of  organisms  in  all  respects  similai 
to  each  other,  by  Prof.  Elirenberg  ; who,  however,  considered  these 
organisms  as  Monads,  and  described  them  as  each  possessing  a 
mouth,  several  stomachs,  and  an  eye ! Our  present  knowledge 
of  their  nature,  however,  leaves  little  doubt  of  their  Vegetable 
character  ;*  and  the  peculiarity  of  their  liistory  renders  it  desirable 

to  describe  it  in  some  detail.  n n \ ' 

237.  Each  of  the  so-called  ‘ monads’  (Plate  ix.,  hgs.  J,  _ii)  is_a 
somewhat  flask-shaped  Plant-cell,  about  l-3000th  of  an  ™ch  m 
diameter;  consisting,  as  in  the  previous  instances,  ot  green 
chlorophyll-granules  diffused  through  a colourless  protoplasin, 
constituting  an  ‘ endochrome’  (which  commonly  includes  also  a red 
spot  of  altered  chlorophyll) ; and  bounded  by  an  ‘ ectoplasm  toime 
of  the  condensed  and  colourless  surface-layer  of  the  protoplasmic 
mass.  It  is  prolonged  outwardly  (or  towards  the  circu:Merence_  o 
the  sphere)  into  a sort  of  colourless  beak  or  proboscis,  from  w^cli 
proceed  two  flagella  (fig.  11) ; and  it  is  invested  by  a peUucid  or 
hyaline  envelope  (fig.  9,  d)  of  considerable  thickness,  the  boideis  of 
which  are  flattened  against  those  of  other  similar  envelopes  (fag.  o. 
c,  c),  but  which  does  not  appear  to  have  the  tenacity  ot  a tine 

* Prof.  Stein,  hov-ever,  in  the  last-published  part  of  his  great  lyork  on  the 
Infusoria  (“  Orgauismus  der  Infusiousthiere,”  Abtheiluug  in.,  Leipzig,  1), 
still  ranks^  the  Voleocinece  among  the  Flagellate  animalcules,  to 
undoubtedly  show  a remarkable  parallelism  lu  structnre,  the  chie  , . , i 

of  their  Vegetable  nature  lying  in  their  physioloi/ical  confonuity  to  undou 

Protophytes. 


PLATE  IX. 


■DevELOPMES-r  op  Votvox  Geobatob. 


[ To  f,tce  p.  28-1, 
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membrane.  It  is  impossible  not  to  recognise  the  precise  similarity 
between  the  structure  of  this  body,  and  that  of  the  motile  ‘ encysted’ 
cell  of  Pvoiococciis  fluvialis  (Plate  viir.,  fig.  2,  ic) ; there  is  not,  in 
fact,  any  perceptible  difference  between  them,  save  that  which 
arises  from  the  re.gular  aggregation,  in  Volvox,  of  the  cells  which 
normally  detach  themselves  from  one  another  in  Protococms.  The 
presence  of  ceUnlose  in  the  hyaline  substance  is  not  indented,  in 
the  ordinary  condition  of  Volvox  qlohator,  by  the  iodine  and  sul- 
lihunc  acid  test,  though  the  use  of  ‘ Schultz’s  solution’  gives  to  it  a 
faint  blue  tinge ; there  can  be  no  doubt  of  its  existence,  however 
in  the  hyaline  pvelope  of  Volvox  aureus  (§  240).  The  flagella  and 
endoplasm,  as  in  the  motile  forms  of  Protococcus,  are  tinged  of  a 
deep  brown  by  iodine,  with  the  exception  of  one  or  two  starch- 
pai tides  in  each  cell,  which  are  turned  blue;  and  when  the  con-- 
tents  of  the  ceU  are  hberated,  bluish  flocculi,  apparently  indicative 
ot  the  iiresence  of  cellulose,  are  brought  into  view  by  the  action  of 
sulphiinc  acid  and  iodine.  All  these  reactions  are  characteristically 
V eqefahle  vx  their  nature. — When  the  cell  is  apjiroaching  maturity 
its  endoplasm  always  exhibits  one  or  more  ‘vacuoles’  (fig.  9,  a a) 
ot  a spherical  foi-m,  and  usually  about  one-tliird  of  its  own  dia- 

are  the  so-called  ‘ stomachs’  of 
Prof,  rihrenberg)  have  been  observed  by  Mr.  G.  Busk  to  nndero-o  a 
veiy  ciinous  rhythmical  contraction  and  dilatation  at  intervals  of 
about  40  seconds ; the  contraction  (which  seems  to  amount  to  com- 
plete obhteration  of  the  cavity  of  the  vacuole)  taking-place  rapidly 
or  suddenly,  whilst  the  dilatation  is  slow  and  gradual.  This  curious 
action  ceases,  however,  as  the  cell  arrives  at  its  full  maturity;*  a 
conclition  which  seems  to  be  marked  by  the  greater  consolidation  of 
the  ectoplasm.,  by  the  removal  or  transformation  of  some  of  the 
chlorophyll,  and  by  the  formation  of  the  red  spot  (b),  which 
dd^rophyn”'"^'"'"’  P'^-oiococGus,  of  a peculiar  modification  of 

•238.  Each  cell  normaUy  communicates  with  the  cells  in  nearest 
pioximity  with  it,  by  extensions  of  its  own  endochrome,  which  are 
sometimes  smgle  and  sometimes  double  (fig.  6.  h,  b) ; and  these 
connectmg  processes  necessanly  cross  the  hues  of  division  between 
their  respective  hyaline  investments.  The  thickness  of  these  pro- 
®°’^S'^erably;  for  sometimes  they  are  broad 
bands,  and  in  other  CMes  mere  threads  ; whilst  they  are  occasionally 

clifference  seems  partly  to  depend  upon 
abundance  of  nutri- 

rion^riw  it  obtams ; for,  as  we  shall  presently  see,  the  connec- 

ments  'T  hyaline  invest- 

e ts  of  the  cells  have  increased  so  much  as  to  separate  the  masses 

r * contmetiug:  vacuoles  in  Volvox  ("thoue-h  con 

looked  fo  them  U presumed  that  ho  has  not 

leSlyM.-  Bui-  ’^In-ch  11, d.-  ucliou  wa»  wit- 
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of  endocliroine  to  a distance  from  one  another  (figs.  2,  3,  4) ; whilst 
in  a niatnre  individual,  in  which  the  separation  has  taken  place  to 
its  full  extent,  and  the  nutritive  processes  have  become  less  active, 
the  masses  of  endochrome  very  commonly  assume  an  angular  fonn, 
and  the  connecting  processes  are  drawn-out  into  threads  (as  seen  in 
fig.  5),  or  they  retain  their  globular  form,  and  the  connecting  pro- 
cesses altogether  disappear.  '^L'he  influence  of  re-agents,  or  the 
infiltration  of  water  into  the  interior  of  the  hyaline  investment, 
will  sometimes  cause  the  connecting  processes  (as  in  Froiococms, 
§ 231)  to  be  drawn  back  into  the  central  mass  of  endochrome ; and 
they  will  also  retreat  on  the  mere  rupture  of  the  hyaline  mvest- 
ment : from  these  circumstances  it  may  be  inferred  that  they  are 
not  enclosed  in  any  definite  membrane.  On  the  othei  hand,  the 
connecting  threads  are  sometimes  seen  as  double  lines,  "which  seem 
like  tubular  prolongations  of_  a consistent  membrane,  without  any 
protoplasmic  granules  in  their  interior.  It  is  ob"vious,  then,  that  an 
examination  of  a considerable  number  of  specimens,  exhibiting 
various  phases  of  conformation,  is  necessary  to  demonstrate  the 
nature  of  these  communications  ; but  this  maybe  best  made-out  by 
attending  to  the  history  of  their  development,  winch  we  shall  now 


239.  The  spherical  body  of  the  young  Volvox  (Plate  ix.,  fig.  1) 
is  composed  of  an  aggregation  of  somewhat  angular  masses  of 
endochrome  {h),  separated  by  the  interposition  of  hyaline  sub- 
stance ; and  "the  whole  seems  to  be  enclosed  in  a distinctly  membra- 
nous envelope,  which  is  probably  "the  distended  hyaline  mvestment 
of  the  ‘ priniordial’  cell,  within  which,  as  will  presently  appear,  the 
entire  aggregation  originated.  In  the  midst  of  the  polygonal 
masses  of  endochrome,  one  mass  {a),  rather  larger  than  the  rest,  is 
seen  to  present  a circular  form ; and  this,  as  will  presently  appear, 
is  the  originating  cell  of  what  is  hereafter  to  become  a new  sphere. 
The  gro"wing  Volvox  at  first  increases  in  size,  not  only  by  the  mter- 
nosition  of  new  hyahne  substance  between  its  component  masses 
of  endochrome,  but  also  by  an  increase  in  these  masses  themselves 
ffiff.  2,  a),  which  come  into  continuous  connection  with  each  other 
by^ the  coalescence  of  processes  (h)  winch  they  severally  put-forth ; 
at  the  same  time  an  increase  is  observed  m the  size  of  the  globular 
cell  (c),  wliich  is  preliminary  to  its  binary  subdi-nsion.  _A  moie 
advanced  stage  of  the  same  developmental  process  is  seen  in  hg.  3 ; 
in  which  the  connecting  processes  (a,  a)  are  so  munh  increased 
in  size,  as  to  establish  a most  intimate  union  between  the  masses  of 
endochrome,  although  the  increase  of  the  intervenmg  hyahne  sub- 
stance cai-ries  these  masses  apart  from  one  another ; whilst  ti.e 
endochi-ome  of  the  central  globular  cell  has  imdergone  segmen^ 
into  two  halves.  In  the  stage  represented  in  fig.  4,  the  masses  of 
endochrome  have  been  stiU  more  widely  separated  by  the  mtei-posi- 
tion  of  hyaline  substance ; each  has  become  furnished  with  its  pair 
of  flaseUa-  and  the  globular  cell  has  undergone  a 
InSn  My,  in  fig.  .5,  which  reprcsento  a-  l>orbon  ot  the 
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spherical  waU  of  a mature  Folm.v,  the  eudochreme-masses  are  ol, 
sen-ed  to  preseut  a more  scattered  aspect,  partly  ou  Smt  S theh 
own  reduction  in  size,  and  nartlv  or  tneir 

greatly-increased  amount  o/liyaHne  substance^  j 

from  the  surface  of  each  mass  -Vud  flit  ’ ’‘“I'eteii 

each  cell,  standing  to  the  endochrome-mass  inlll  to 

ceUuIose  coat  of  aS  ordinary  oTto  iS  eeHl  1 “'® 

to  be  marked-out  from  thrrest  by  delate  hues 
areolarion(c  c),  which  Mcate  the\oimdaries  of  eal  M?S“ 

be£g°  urn, ally  requt  “to S’  tte°f  “T  S 

"dllrfe"‘rS  bSSalSc” 

approaches  maturity,  the  larffe  seconds  vvo-pT  sphere 

ff07iidmm,  whose  origin  has  been  tneer)  Z macro- 

advances  in  developCnt  beginning,  also 

|lsir~!~sp|f|p 

hollow,  it  is  retainer]  \vi+Fi‘n +is„  u t appeals  to  become 

which  it  has  bc7u  SS  i s&‘^rS° 

fegmshed,  as  shown  in  fii  10  just  when’^the  e^ily  dis- 

been  completed,  and  at  that  staie^  tbe  fln  segmentation  has 

not  extend  beyond  it  and  eveX  the  flagella  pass  into  it,  biit  do 
to  form  an  investment  around  tbe  Fir  r Volvox  it  continues 

cells,  as  shown  in  fig.  11.  It  g^eems^to  be 
hyaline  mvestment  of  the  new  sphere  to  +bJ+ 
secondary  sphere  remains  fm-  c h i ^ ^ ^be  old,  that  the 

of  the  primal  ariiTetr  pe^M 

the  separation  between  the  fwn  /cpIo  i ^at  precise  manner, 
»toed!^  At  the  S £ tte  ro,™f  ? deteri 

has  generally  advanced  as  far^s  fb7’f  developmental  process 
the  fWdatiL  of™n?m- more  10^,  "‘u®°  topr'fsented  in  &g.  1 ; 

guishable  in  the  enlargement  of  ceS£*of  itTe^Ts”*  “““^ydistin. 

>a£VgtidivtS“l?sLS 

sion  or  gemmi'parous  exteoision  (S  cell-subdivi- 

multipHcation  in  Volvov  ■ takinl-  rdo?’  +'  mode  of 

except  when  the  sexual  aernovn?^  ^t  all  times  of  the  year, 

psl  The  S whirthifiwo  described)  is  in  pro: 

knowledge  of  which  we  are  indpLFrl  + ^ performed  (for  our 

tions  of  Prof.  Cohn*)  shows^f  ^ ^ persevering  investiga- 

* rp,  . . ^ ®bows  a great  advance  upon  the  simple 

tke  -x-flty  of  published  in 

-^^od  hy  Mr.  Carter, 
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‘ coniugation-  of  two  similar  coll.  (§ 
which  lorewail.  not  only  among 
form  or  other)  ‘^ronA  a larg 

As  autumn  advances,  the  Volvox  i • -.•  > certain  o£  their 

themselves  by  the  formation  o ma  L | converted, 

ordinary  cells  begin  to  nndergo  aangc.  by  ^ 

some  into  male  or  • .pcm-cells.  Elch  sphere 

-the  greater  Bg.l)  contains  both  kinds  of  sexual 

°'n  ttis  Stes  r™k»  as  IwLciom ; bnt  V.  aurem  is  d.^- 

cells,  SO  that  this  species  < ^g^ni- cells  ’ occurring  m separate 

cious,  the  sperm-cel  , f.  ggpg  are  at  first  distinguishable 

spheres.  Both  kinds  of  sexual  cells  are  a ^ e 

from  the  ordinary  ‘sterile  stage  °but  their  sub- 
respect resembling  macro-g  , , rji^g  < sperm-ceUs’  begin  to 

sequent  history.is  about  ^ the  size  of 

undergo  subdivision  when  f the  ‘binary  ’ 

the  ‘ sterile  ’ cells  ; this,  ^®^®Xat  the  endochrome  of  the  primary 
plan,but  in  such  of  secondary  cells 

cell  resolves  itself  into  a ciiis  „£  qtT  pi  nno-ated  ‘ body’ contain- 

(fig.  1,  «.  fig.  5).  each  consmtag  of  an  elongated  bo^y  ^ 

ing  an  °X?nm  the  base  of  which  proceeds  a pair  of  long 

long  of  the  higher  C^ptogams 

flagella  (figs.  6, 7),—as  in  tne  ani  agh  maturity,  the  aggre- 

(Kg.  164.,  H).  As  the  spermteeUe  jJt  and 

gate  clnsters  may  “PVaLles  then  separate  into  their  com- 
afterwards  more  rapidly  ; X bun  independent  movement 

ponent  ‘ anther ozoids, ’ wh^ l^o^Xira^rcX  andfinaUy 

whilst  still  within  the  T+fwallFaB  diffusing  themselves  through 

escape  l-ytteToSlete  (%g.l,6,6).on  the  other 

the  cavity  of  the  Vqivox-spneie.  i . nndereoiug  subdivision; 

Lnd.  cohinne  te  ““eate  in  sme  w^ 

at  first  showing  l^ge  raimoles  i P P form  of 


i,e  ‘ gei-m-eelP  gratlnally  changes  trom  Volvoi-sphere, 

globnlar  (6=) ; and  it  eLelope.  Over  this  the 

at  the  same  time  ^®X?fe<,et&mselves(fig.3).penetratmgits  ^b- 

swarming  antherosoi^^^^^^  fo  to  situatiou 

stance,  SO  as  to  find  t y the  well-kuown  form 

observed  the  sexual  process  m f 

Pandorinamori^m,  the  generative  pi  oceW  ^,^,  30  the  lower 

vationsofPrmgsheini,ma  mannm 
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they  socm  to  ihssolve-away,  so  as  to  become  iucorijorated  with  the 
eadoelu-ome.  the  product  of  this  fusion  (which  is  only  ‘o™W 
tion  under  another  toi-m)  is  a reprodnotive  globule  or  oo-Xe 

Wine  rfFj'l  enveloped  by  an  internal  smooth  mem- 

biaue,  and  with  a tlucker  external  coat  which  is  usually  beset  with 
oomcal-pomted  processes  (iig.4) ; and  the  contained  chlorophyll  Xs 

X f (§  229).  to  starch  and  a red  or  „raX2 

eo  mil  cd  oil.  As  many  as  forty  of  such  ‘ o6-spores  ’ have  been  s^n 

;L?r  o'  which  thus  Xufros  thi 

j ecuhai  apiieaia.uce  that  has  been  distinguished  by  Ehrenbero-  bv 
Si  diflerent  specific  name.  Voho^  stdlatl  Soo7afte  ? o6 

'1’liplr  fnr+],o  To'  + ^ ^ottom,  where  they  remain  during  the  winter 

toimd  that  thergX^^ 

SrsTon'int  &7,nr£r 

rio-ht  ano-les  to  miP  Xr  of  two  partitions  at 

Prof.  Cohn  is  in  accord  on  this  poh?t)!thfbody  deslgnated^l^ro^ 

' byVfeteaX”  XXefS.™  SLf  r >>«” 

* l)y  Prof.  WilliamsoD,  on  the  baTof^t  ^ distinctly  enunciated 

“Transactions  of  the  PMosoSc J ’I®  development,  in  tl.e 

' frequently  Mr.  G.  Busk  wS?rhn  . • Manchester,”  Vol.  ix.  Sub- 

' natm-e  of  Volvox  in  his  extrpm*  i additional  evidence  of  the  Vegetable 

of  the  views  of  Prof.  Wdli.amson  whidi  tt-ow  question  some 

' i*;s  “Further  Elucidations”  in  ’the  f that  gentleman  in 

atovo  given  by  the  Author,  on  the  basis  of  th  A f description 

observers  were  agreed  (their  oria-ina'l  dWAv  these  excellent 

rocoecilod  by  li.eir  aSsi„„s)  t .Sreat  degree 

lecent  account  of  thismostinterestine-mXnJc,  h.umony  with  the  most 
ziir  Biologic  der  Pflanzou,”  Bd.  i.  Heft  (“Beitrilge 

”cn  process.  The  obsei-vsi;nn«^A^i^°  discovery 

will  be  found  in  Bd.  iii.  Heft  1 of  u,  on  its  germinatioii 

"•tfirestmg  Volvocine  form  dicribed  f serial.-An  extrenielv 

Pluvialis  exhibits  all  the  phenomena  of^reorl!^  nnder  t^he  name  Stephanospha-ra 
posite  mas.ses  of  adherent  colls  bv  m,Vrn  « macro-fjonklia  ov  corn- 

er xtriUj-gporex,  and  by  oospores ' active  zoospores,  by  ‘ still’ 
'actenstic  manner ; and  h/s  account  of  dsT-f^^'^r°  action,  in  a very  clia- 

'^fPn.v,  ‘?.«‘«<ly  dial  of  anv  Xbf  m.Li';.”!.'’  'on.-m.ltod  bv 


^/cj  i..uiiwuiLua  vv 
Erotophyts.  See  “Ann.  of 
■I-  dOl,  and  “Quart.  Jouni.  of 
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Ehreuberg  Splicerosim  voIvom  is  au  ordinary  Volvox  in  a different 
];>hase  o£  development ; its  only  marked  feature  of  dissimilarity 
being  that  a large  proportion  of  the  green  cells,  instead  of  being 
single  (as  in  the  ordinary  form  of  Volvodi)  save  where  they  are 
developing  themselves  into  young  spheres,  are  very  commonly 
double,  quadruple,  or  multiple ; and  the  gi'oups  of  ciliated  cells 
thus  produced,  instead  of  constituting  a hollow  sphere,  form  by 
their  aggregation  discoid  bodies,  of  which  the  separate  fusiform  cells 
are  connected  at  one  end,  whilst  at  the  other  they  are  free,  each  being 
furnished  with  a single  flagellum.  These  clusters  separate  them- 
selves from  the  primary  sphere,  and  swim  forth  freely,  under  the 
forms  which  have  been  designated  by  Prof.  Ehrenberg  as  TJvella  and 
Syncrypta. — Again,  it  has  been  noticed  by  Dr.  Hicks*  that  towards 
the  end  of  the  autumn,  the  bodies  formed  by  the  binary  subdivision 
of  the  single  cells  of  Volvox,  instead  of  forming  spherical  flagellated 
‘ macro-gonidia’  which  tend  to  escape  outwards,  foim  clusters  of 
irregular  shape,  each  composed  of  an  indeflnite  mass  of  gelatinous 
substance  in  which  the  green  cells  he  separately  imbedded.  These 
clusters,  being  without  motion,  may  be  temied  stato-spores ; and 
it  is  probable  that  they  constitute  one  of  the  forms  in  which  the 
existence  of  this  organism  is  prolonged  through  the  winter. 

242.  Another  phenomenon  of  a very  remarkable  nature,  namely, 
the  conversion  of  the  contents  of  an  ordinary  Vegetable  cell  into  a 
ii’ee  moving  mass  of  protoplasm  that  bears  a strong  resemblance, 
to  the  animal  Amosba  (Pig.  289),  is  affirmed  by  Dr.  Hicks  f to  take 
place  in  Volvox,  under  circumstances  that  leave  no  reasonable 
ground  for  that  doubt  of  its  reahty  which  has  been  raised  in  regard 
to  the  accounts  of  similar  phenomena  occurring  elsewhere.  The  en- 
dochrome-mass  of  one  of  the  ordinary  cells  increases  to  nearl3’- 
double  its  usual  size ; -but  instead  of  undergoing  duphcative  sub- 
division so  as  to  produce  a ‘ macro-gonidium,’  as  in  Fig.  142,  b,  it 
loses  its  colour  and  its  regularity  of  form,  and  becomes  an  irregu- 
lar mass  of  colourless  protoplasm,  containing  a number  of  brown 
or  reddish-brown  granules  (a,  a),  and  cajDable  of  altering  its  form 
by  protrading  or  retracting  any  portion  of  its  membranous  wall, 
exactly  hke  a true  Amosba.  By  this  self-moving  power,  each  of 
these  bodies,  c,  c (of  which  twenty  may  sometimes  be  counted 
within  a single  Volvox)  glides  independently  over  the  inner  surface 
of  the  sphere  among  its  unchanged  green  cells,  bending  itself 
round  any  one  of  these  with  which  it  may  come  into  contact,  pre- 
cisely after  the  manner  of  an  Amosba.  j^ter  the  ‘ amoeboid  ’ has 
begun  to  travel,  it  is  always  noticed  that  for  everj'  such  moring 
body  in  the  Volvox  there  is  the  empty  space  of  a missing  cell ; and 
this  confirms  the  belief — founded  on  observation  of  the  gradational 
transition  from  the  one  condition  to  the  other,  and  on  tlie  difficulty 
of  supposing  that  any  such  bodies  could  have  entei'ed  the  sphere 

• “ Quart.  Journ.  of  Microsc.  iScienne,”  N.S.,  Vol.  i.  (18(51),  p.  281. 
f “ Traus.  of  Microsc.  Society,”  N.S.,  Vol.  viii.  (18G0),  p.  99,  and  “Qu.srt. 
.Tourn.  of  Microsc.  Science,”  N.S.,  Vol.  ii.  (1862),  ii.  96. 
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parasitically  from  without— that  the  ‘amoeboid  ’ is  really  the  product 
of  the  metamorphosis  of  a mass  of  Yegctable  protoplasm.  This 

Fig.  142. 


Foi-mation  of  Amoeboid  bodies  in  Volvox:—a,  a,  ovdioarv  cells 

?rS“mceSds“"“'’°“ 


metamorphosis  may  tate  place,  according  to  Dr.  Hicks,  even  after 
the  process  of  binary  subdivision  has  commenced.  What  is  the 
subs^uent  destination  of  these  Amoeboid  bodies,  has  not  yet  been 
ascertained.* 


243.  With  the  two  Protophytes  just  described  may  be  ranked 
under  the  general  designation  PalmellacecB  a number  of  others 
s^rcely  less  simple  m then-  essential  characters,  but  sometimes 
a^mg  considerable  dimensions.  They  aU  grow  either  on  damp 
surfaces,  or  m fresh  or  salt  water ; and  they  may  either  form  (1)  a 
ml  the  component  particles  have  little  or 

'^he  present  themselves  (2)  in 

-ir^  ^ shmy  fihn,  or  (3)  in  that  of  a tolerably 

of  these 

to  be  characteristic  of.  Palmogloea  and  Proto- 
luMiririnn  . originated  by  the  process  of  binary 

S^ev^G  wbp  +}?'  separating  from  each  other  after  a short  time  ; 

^ remain  in  cohesion,  not  forming  a ‘ frond  ’ or 

I The  ‘red  snow,’  which  sometimes  colours 

^ WeTth  r w P<>^etrating  even  to 

fhich  rediicpti  eet,  and  vegetating  actively  at  a temperature 

idSed  tn^P  . f • ^ generilly  con- 

>y  a tolerablv  .T^^^ococcus  ; but  as  its  cells  are  connected 

y a tolerably  firm  gelatinous  investment,  it  would  rather  seem  to 

\'tep1iaru>svlwra^nh^^^^^  ‘ amoeboida’  hys  been  observed  by  Mr.  Archer  in 
•£nome?on.  ^ scarcely  now  to  bo  considered  an  exceptional 
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W a raluu'lla. — Tlie  is  tho  ot>nditiv'n  of  the  I\\hi*<(lUn  }>ro(vr: 


mass,  of  the  colour  and  ^'ueral  ajn>earanoe  of  cv^a^latevl^vkvd.  A 
oharaoteristio  iUustnvtiou  of  it  is  also  afior^cd  by  the  H-.r«  ^.^^xw**** 


stmt/jMweMs  1-R'h  which  chiehy  iliffers  fn>m  Palmella  in  the 

jvtrtisU  |X'rsistence  the  vralls  of  the  pareut-ceils,  sv>  that  the  '*rb''le 


Ftr„  14A 


Mtmma  ■cvs\ic#  in  varioas  sta^w<s  ci  oe  wk'fWfas  ^— 

»vlls,  onolcxxsi  in  tl^r  mwov.'us  onTek'i'e ; K c,  ol»s:«Hr  Kwi»ed  by  , 

(Uvisieu  v>f  jvwut-ocU:  *i,  ukw  niua«v«sclns»fr,  its  v'vvakpcweet  ^4>  . 
in  variv'us  sta$?*s  of  *HTisioin ; e.  c>&ss  of  \v>n^  cells,  by  ^ 

tho  suKiivisioM  of  tho  pnroiit  o»kvhrco>o,  and  cacb'csisi  xdtbia  * 
oommoii  niwcotts  cavok^'e. 


mass  is  sulKlividcvl  bv  jvurtitkms,  which  c«*^w  a larv^'r  c«r  stnahw 
number  of  cells  v^rurtuatimr  in  the  suKliviskw  of  their  cv^tcnts. 
Ixxades  iucreasiuir  in  tin'  orviinarx  ntvxle  of  binary  muW|>hcat^, 
the  I'aliuella-cells  seem  cvcasioasilly  to  rupture  and  diffusi'  ttor 
irraiuilar  contents  thrxHigh  the  ^lattnotts  stratum,  ami  thus  to  ^tve 
ori^n  to  a whole  cluster  at  ouvV,  as  seen  at  c,  after  tW  manner  e: 
otlier  siin^de  Plants  to  W jwesently  deseribcxl  ilkoV  saw  that 
these  minute  sr'srments  of  the  emlochrome,  haring  no  wwer  o» 
taneous  motion,  cannvU  be  rankevl  as  ' soospotes,'  The  gelatiww^ 
masses  of  the  Pakuelhe  are  fn^nently  found  to  contain 
•growths  fonuevl  by  the  extensivm  of  other  plants  thtvwtca  theij 
substance : but  numerous  braachevl  filaments  s\\metir,H-s  j-reswj 
themselves,  which.  Wing  traceable  into  absv>lnte  c\>nuum;Y  w» 
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Uie  colls,  must  be  considered  as  properly  appertaining  to  them. 

OTuetimes  these  filaments  radiate  in  various  directions  from  a 
single  ceutial  cell,  and  must  at  first  be  considered  as  mere  exteu- 
sions  oi  tins ; their  extremities  dilate,  however,  into  new  ceUs : and 
when  tbese  are  fully  formed,  the  tubular  connections  close  up,  and 
the  cells  become  detached  from  each  other.*— Of  the  third  condition.' 
I',*?.,  . example  in  the  curious  Pahiiodictyon  described  by 
• •'"’^mg;  the  frond  of  which  appears  to  the  naked  eye  like  a 
dehcate  network  consisting  of  anastomosing  branches,  each  com- 
posed  of  a smgle  or  double  row  of  large  yesicles,  within  every  one 
of  which  IS  produced  a pair  of  elliptical  ceUules  that  ultimately 
escape  as  ‘ zoospores.’  The  alternation  between  the  ‘ motile  ’ form 
ami  the  stiU  or  resting  form,  wliich  has  been  described  as 
occumng  mProfococcus  (§  231),  has  been  observed  in  several  other 
orms  of  this  group;  and  it  seems  obviously  intended,  like  the 
production  of  ‘ zoospores,’ to  secure  the  dispersion  of  the  plant 
and  to  prevent  it  from  choking  itself  by  overgrowth  in  any  one 

yeiy  commonly  by  plants  of  this  group,  that  the 
-Ugal  poitions  of  Lichens  are  fonned  (§  325) 

definite 'form  and  large  size 
attamed  by  the  fronds  or  leafy  expansions  of  the  Ulvacecc.  to  which 
.^loup  belong  the  grass-green  Sea-weeds  (or  ‘lavers’)  found  on 
t'hnf  f structm-e  differs  but  very  little  from 

thk  principal  advance  is  shown  in 

“i^^tiphed  by  binary  subdivision,  not  only 
icm.  in  in  fiimi  connection  with  each  other,  but  possess  a very 

thflnd  yirtue  of  the  determinate  plan  on  wliich 

expaiS'^  tTp  membranous 

uXrSnil  . produced  may  be  best 

o development,  sonie  of  the 

Urin  whVb  > 144 ; for  the  isolated  cells 

origmates  resembhng  in  all  points  those  of  a 

nafp  fUrppp’  ^ their  successive  subdivisions  in  determi- 

■n  to  such  regular  clusters  as  those  seen  at  n and  c, 

don  of  fViP  ®^^®^4oid  filaments  as  that  shown  at  p.  A continua- 
uatelv^in^rrErP  si^l^division,  taking  place  alter- 

!nto  Lf  IAp  f at  once  extend  the  clusters  b and  c: 
tCu^f  or.  If  the  filamentous  stage  be  passed 

their  develoumpo^f?^^^^^^^  history  of 

lencdli  (4  ipp^®?]’l  ^lament  increases  in  breadth  as  well  as  in 
It  ^ G Ti? +h  ^ ■’  becomes  such  a ‘ frond’  as  is  shown 

•'bi-med  ‘the^P  h membranous  expansion,  or  thalhis,  thus 

4.e  scmibW  ^PP^°a^  to  a differentiation  of  parts  by  even 
livher  Alu-p  ni-pop  .®^°^ation  of  root,  stem,  and  leaf,  such  as  the 

‘Very  other*'  -Frifl  ^ ’ ev^  portion  is  the  exact  counterpart  of 
> otlicr,  and  every  portion  seems  to  take  an  equal  share  in  k 


h’  T’nvaites  (“ 

uition’of  the  iv-il  hindnmonhil  i 

OI  the  leal  character  of  tliis  groiq.. 


. the 

Ann.  of  Etat.  ITist,.,”  2nd 
inqiortnnco  in  tlie  determi- 
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operatious  of  growth  and  reproduction.  Each  cell  is  very  com- 
monly found  to  exliibit  aii  imperfect  partitioning  into  four  parts, 

preparatory  to  multipli- 


Fio,  144. 


/##*  S"S'.«  oB®® 

' Moai'l  a»\; 

«»!S' 

4f(ii 

ICO nww'5!  *»S; <"'•*  ’**' 

[£„  bib  Bill  nii»  tuui  uiUB  wn  ai« 

ii.B  rm  «“>  '“'H  "K  I®*®  •uStsiira 

(S'S  oil  HlfflWM  WI»  rtW  ««»» 
aViiWSii  .mnifflij  iitn»i|jai 

o™'"®  iwS  titt  tin^' 

r®®«lU  JlO®***  B»»Ull«®ft' 
tiwlPO  offlfioi®®/ 
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laam®  0®®K 
'satMii 

Xaitfl.  lUDII  D W ^...  jA 


.5-*»  Birnuu 
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cation  by  double  subdi- 
vision; and  the  entire 
frond  usually  shows  the 
groups  of  cells  arranged 
in  clusters  containing 
some  multiple  of  four. 

245.  Besides  this  con- 
tinuous increase  of  the 
individual  frond,  how- 
ever, we  find  in  most 
species  of  Ulva  a provi- 
sion for  extending  the 
plant  by  the  dispersion 
of  ‘ zoospores for  the 
endrochrome  (Fig.  145, 
a)  subdivides  into  nu- 
merous segments  (as  at 
b and  c),  which  at  first 
are  seen  to  lie  in  close 
contact  within  the  cell 
that  contains  them,  then 
begin  to  exhibit  a kind 
of  restless  motion,  and 
at  last  pass  - forth 
through  an  aperture  in 
the  cell  - wall,  acquire 
four  or  more  flagella  (cZ), 
and  swim  freely  through 
the  water  for  some  time. 
At  last,  however,  they 
come  to  rest,  attach 
themselves  to  some  fixed 


Successive  stages  of  dovelopmeut  of  Olra. 

point,  and  begin  to  gi-ow  into  clusters  or  filaments  (e),  in  the 
manner  already  described.  The  walls  of  the  cells  which  have 
thus  discharged  their  endochrome,  remain  as  colourless  spots  on 
the  frond;  sometimes  these  are  intermingled  with  the  portions 
stiU  vegetating  in  the  usual  mode ; but  sometimes  the  whole  en- 
dochrome of  one  portion  of  the  frond  may  thus  escape  in  the  form 
of  zoospores,  thus  leaving  behind  it  nothing  but  a white  flaecid 
membrane.  If  the  Microscopist  who  meets  with  a frond  of  an 
Ulva  in  this  condition  should  examine  the  line  of  separation 
between  its  green  and  its  coloured  portions,  he  may  not  improbably 
meet  with  cells  in  the  very  act  of  discharging  their  zoospores, 
which  ‘ swarm’  around  their  points  of  exit  very  much  in  the  mannei 
that  Animalcules  are  often  seen  to  do  around  particular  spots  ot 
the  field  of  view,  and  which  might  easily  be  taken  for  true  Intusona ; 
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]jut  ou  cariyiug  his  observations  further,  he  would  see  that  similar 
bodies  are  nlO^'iug  within  cells  a httle  more  remote  from  the 


Fig.  145. 


Foraiation  of  Zoospores  iu  Phycoserin  (ihjuntea  (Ulva  latissima) ; — 

«,  portion  of  the  ordinary  frond : 6,  cells  iu  which  the  endochrome  is 
beginning  to  break  up  into  segments ; c,  cells  from  the  boundary  be- 
tween the  coloured  and  colourless  portions,  some  of  them  containing 
zoospores,  others  being  empty ; d,  flagellated  zoospores,  as  in  active 
motion  ; e,  subsequent  development  of  the  zoospores. 

ilividing  line,  and  that,  a little  farther  still,  they  are  obviously  but 
masses  of  endochrome  in  the  act  of  subdivision.* — Of  the  true 
Generative  process  in  the  TJlvacene,  nothing  whatever  is  known. 

246.  The  OscillatoriacecB  constitute  another  tribe  of  Protophyte's 
of  great  interest  to  the  Microscopist,  on  account  both  of  the  ex- 
treme simpHcity  of  their  structure,  and  of  the  peculiar  Animal- 
like movements  which  they  exhibit.  They  are  continuous  tubular 
filaments,^  formed  by  the  elongation  of  their  jirimordial  cells, 
usually  lying  together  in  bundles  or  in  strata,  sometimes  quite  free, 
and  sometimes  invested  by  gelatinous  sheaths.  The  cellulose  en- 
velope (Fig.  146,  A,  a,  a)  usually  exhibits  some  degree  of  transverse 
stnation,  as  if  the  tube  were  undergoing  division  into  cells ; but 
this  division  is  never  perfected  by  the  formation  of  complete  parti- 
tions, though  the  endochrome  shows  a disposition  to  sejiarate  into 
regular  segments  (b,  c),  especially  when  treated  with  re-agents. 

ob.serv.ation  the  AuUior  liad  the  good  fortune  to  make  in  the  year 
■ imz,  when  the  emission  of  zoospores  from  the  Ulvac.eM,  although  it  had 
x.fiu  desenbed  by  the  Swedisli  Algologist  Agardli,  had  not  been  seen  (ho 
ixiheves)  by  any  Eriti.sli  naturalist.  » a > 
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According  to  Dr.  F.  d’Alquen,*  each  filament — at  least  in  certain 
species — has  an  axis  of  different  composition  from  the  surrounding 
endochrome ; being  solid,  highly  refractive,  but  slightly  affecte<l 
by  iodine,  and  nearly  colourless  when  moist,  though  slightly 
greenish  when  dry.  And  he  gives  reasons  for  the  belief  that  it  is 
in  this  (protoplasmic  F)  axis  that  the  peculiar  motor  power  of  the 
filament  specially,  if  not  exclusively,  resides.  'I'he  filaments  ulti- 
mately break  up  into  distinct  joints  ; the  fi-agments  of  endochrome. 
which  are  to  be  regarded  as  (joniclia,  usually  escaping  from  their 
sheaths,  and  giving  origin  to  new  filaments. — These  Plants  are 
commonly  of  some  shade  of  green,  often  mingled,  however,  with 

blue ; but  not  unfrequently  they  are  of 
a pnrphsh  hue,  and  are  sometimes  so  dark 
as  when  in  mass  to  seem  nearly  black. 
They  occur  not  only  in  fresh,  stagnant, 
brackish,  and  salt  waters  (certain  species 
being  pecuhar  to  each),  but  also  in  mud. 
on  wet  stones,  or  on  damp  ground.  Their 
movements  are  described  by  Dr.  Harveyf 
as  of  three  kinds ; first,  a pendulum-hke 
movement  from  side  to  side,  performed 
by  one  end,  whilst  the  other  remains  fixed 
so  as  to  form  a sort  of  pivot ; second,  a 
movement  of  flexure  of  the  filament  itself, 
the  oscillating  extremity  bending  over,  first 
to  one  side  and  then  to  the  other,  like  the 
head  of  a worm  or  catei'pillar  seekings 
something  on  its  line  of  march;  and  third, 
a simide  onward  movement  of  progression. 
“ The  whole  jdienomenon,”  continues  Dr. 
H.,  “may  perhaps  be  resolved  into  a 
spiral  onward  movement  of  the  filament. 
If  a piece  of  the  stratum  of  an  Oscillatoru' 
be  placed  in  a vessel  of  water,  and  allowed 
to  remain  there  for  some  hours,  its  edge 
■will  first  become  fringed  with  filaments, 
radiating  as  from  a central  point,  -svitli 
their  tips  outwards.  These  filaments,  by 
their  constant  oscillatory  movements,  are 
continually  loosened  from  their  hold  on 
the  stratum,  cast  into  the  water,  and  at 
the  same  time  propelled  forward  ; and  as 
the  oscillation  continues  after  the  filament  has  left  its  nest,  the 
little  swimmer  gradually  moves  along,  till  it  not  only  reaches  the 
edge  of  the  vessel,  but  often — as  if  in  the  attempt  to  escape  confine- 
ment— continues  its  voyage  up  the  sides,  till  it  is  stopped  by  dry- 
ness. Thus  in  a very  short  time  a small  piece  of  OsciUatoria  wdi 

* “Quart.  .Tourn.  of  Micvo.se.  Sciencp,”  Vol.  iv.  (1850),  p.  2Li. 
t “Manual  of  British  Marino  Alp:®.’’  p-  220. 


Fig.  lie. 


Structure  of  OsrUlatoria 
vontexta : — A,  portion  of  a 
lilaraent,  showing  the  stria- 
tious  ou  the  cellulose-coat, 
(I,  o,  where  the  endochrome 
is  wanting;  u,  portion  of 
filament  ti’eated  with  weak 
syrup,  showing  a di.sposi- 
tion  to  a regular  hi-eakiug- 
up  of  the  endochrome  into 
masses ; C,  portion  of  fila- 
ment treated  with  strong 
solution  of  chloride  of  cal- 
cium, showing  a more  ad- 
vanced stage  of  the  same 
separation. 
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spread  itself  over  a large  vessel  of  water.”  This  rhythmical  move- 
nieut  impelling  the  hlaments  in  an  underrating  on^rmrd  course  is 
greatly  inHiienced  by  temperature  and  light,  being  much  more 
active  m warmth  and  sunshine  than  in  cold  and  shade;  and  it  is 
checked  by  any  strong  chemical  agents.— The  true  Generation  of 
( hcilkdoriacece  is  as  yet  completely  unknown. 

247.  JS'earty  aUied  to  the  preceding  is  the  little  tribe  of  JVos- 
Mmeece  ■ which  consists  of  distinctly-beaded  filaments,  lyino-  in 
Hrmly-gelatmons  fronds  of  definite  outline  (Fio-  147)  The  filn 

TumiT.Q  nvA  nonnll-TT  i.1 1 _ VO*/*  no  lilct- 


Eig.  147. 


•/  w — v-tv^xxa_ij.  oc  ' 

meuts  are  usually  simple,  though  some- 
times branched;  and  are  almost  al- 
ways curved  or  twisted,  often  takino- 
a spiral  direction.  The  masses  of  jelly 
ill  wiiich  they  are  imbedded  are  some- 
times globular  or  nearly  so,  and  some- 
times extend  in  more  or  less  regular 
branches ; they  frequently  attain  a 
veiy  con.siderable  size;  and  as  they  oc- 
ca.sionally  present  themselves  quite 
suddenly  (especially  in  the  latter  part 
of  autumn,  on  damp  garden-walks), 
they  have  received  the  name  of  ‘ fallen 
•dars.  They  are  not  always  so  sud- 
. denly  jJroduced,  however,  as  they  ap- 
pear to  be  ; for  they  shrink  up  into 
mere  films  in  dry  weather,  and  expand 
again  with  the  first  shower.*  I)lostocs 
midtiply,  hke  the  Oscillatoriaceae,  by 
the  subdivision  of  their  filaments,  por- 
tions of  which  escape  from  the  gelati- 
nous mass  wherein  they  were  imbedded, 
and  move  slowly  through  the  water 
m the  direction  of  their  length:  after 
^hey  cease  to  move,  and  a new 

abound  each  piece,  which  then  begins 
•se«-ments  length  by  the  transverse  subdivision  of  its 

^ double  itself  by  longitudinal  fission  so 

‘nef 'bv  (i  it  W t “ ’new 

ia  protlS./ "V  »t  new  fflaments 

^ ^he  part.s  of  which  are  at  first  confused  hn+ 

tlirgelaUno™  Ttetanf  “f 

the^S 

“‘•'O'-  tMo  are  ooca- 
tlicae  are  in  mv  ww  ,,,f  * aaccrtained  whether 

i^'>l>lionoce(P  att'^n  belonging  to  the  I'amily 

• Sop  ir-  u r size,  and  resemble  the  higher  Sea 

:hp.  ^ “Quart.  Journ.  of  Microsc.  Sciciioo,”  Ig.S.,  Yol.  i.  (I8fil), 


I’ortiou  of  gelatinous  frond 
of  Ko^toc, 
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weeds  in  tlieir  general  mode  of  growth,  yet  they  retain  a simplicity 
of  structure  so  extreme  that  it  apparently  requires  them  to  be 
ranked  among  the  Protophytes.  They  are  inhabitants  both  of 
fresh- water  and  of  the  sea ; and  consist  of  very  large  tubular  cells, 
which  commonly  extend  themselves  into  branches,  so  as  to  form 
an  arborescent  frond.  These  branches,  however,  are  seldom  sepa- 
rated from  tlie  stem  by  any  intervening  partition ; but  the  whole- 
frond  is  composed  of  a simple  continuous  tube,  the  entire  contents 
of  which  may  be  readily  pressed-out  through  an  orifice  made  l)y 
wounding  any  part  of  the  wall.  The  Vaudoeria,  named  after  the 
G-enevese  botanist  by  whom  the  fresh-water  Conferv£e  were  first 
carefully  studied,  may  be  selected  as  a particularly  good  illustra- 
tion of  this  family ; its  liistory  having  been  pretty  completely  made 
out.  Most  of  its  species  are  inhabitants  of  fresh  water  ; but  some 
are  marine  ; and  they  commonly  present  themselves  in  the  form  of 
cushion-hke  masses,  composed  of  irregularly  branching  filaments, 
which,  although  they  remain  distinct,  are  densely  tufted  together 
and  variously  interwoven.' — The  formation  of  motile  fjonidia  or 
* zoospores  ’ may  be  readily  observed  in  these  plants,  the  whole 
process  usually  occupying  but  a very  short  time.  The  extremity 
of  one  of  the  filaments  usually  swells  up  in  the  form  uf  a club,  and 
the  endochrome  accumulates  in  it  so  as  to  give  it  a darker  hue 
than  the  rest ; a separation  of  this  part  from  the  remainder  of  the 
filament,  by  the  interposition  of  a transparent  space,  is  next  seen ; 
a new  envelope  is  then  formed  around  the  mass  thus  cut  off ; and 
at  last  the  membranous  wall  of  the  investing  tube  gives  way,  and 
the  ‘ zoospore’  escapes,  not,  however,  until  it  has  undergone  marked 
changes  of  form,  and  exhibited  curious  movements.  Its  motions 
continue  for  some  time  after  its  escape,  and  are  then  plainly  seen 
to  be  due  to  the  action  of  the  cilia  with  which  its  whole  surface  is 
clothed.  If  it  be  placed  in  water  in  which  some  carmine  or^  indigo 
has  been  rubbed,  the  coloured  granules  are  seen  to  be  driven  in 
such  a manner  as  to  show  that  a powei’ful  current  is  produced  by 
their  propulsive  action,  and  a long  track  is  left  behind  it.  hen 
it  meets  with  an  obstacle,  the  ciliary  action  not  being  arrested,  the 
zoospore  is  flattened  against  the  object ; and  it  may  thus  be  com- 
pressed, even  to  the  extent  of  causing  its  endochrome  to  be  tlis- 
charged.  The  cilia  are  best  seen  when  their  movernents  have  been 
retarded  or  entirely  arrested  by  means  of  opium,  iodine,  or  other 
chemical  re-agents.  The  motion  of  the  s]3ore  continues  for  about 
two  hours  ; but  after  the  lapse  of  that  time  it  soon  comes  to  an  end. 
and  the  spore  begins  to  develope  itself  into  a new  plant.  It  has 
. been  observed  by  Unger,  that  the  escape  of  the  zoospores  generally 
takes  place  towards  8 a.3I.  ; to  watch  this  phenomenon,  therefore, 
the  plant  should  be  gathered  the  day  before,  and  its  tufts  examined 
early  in  the  morning.  It  is  stated  by  Dr.  Hassall,  that  he  has  seen 
the  same  filament  give  off  two  or  three  zoospores  successively.  _ 
249.  Recent  discoveries  have  shown  that  there  exists  in  this 
humble  plant  a true  process  of  sexual  Generation,  as  was,  indeed. 
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long  ago  suspected  by  Vanclier,  though  upon  no  sufficient  grounds. 
The  branching  filaments  are  often  seen  to  boar  at  their  sides 
pecidiar  globular  or  oval  cai)-  „ 

^ I I 1 -b  IG.  I'lO. 

sular  protuberances,  some- 
times  separated  by  the  inter- 
position of  a stalk,  which  are 
filled  with  dark  endochrome; 
and  these  give  exit  to  large 
bodies  covered  with  a fimi 
envelope,  from  which,  after 
a time,  new  plants  arise.  In 
the  immediate  neighbour- 
hood of  these  ‘ capsules’  are 
always  found  certain  other 
projections,  which,  from 
being  usually  pointed  and 
somewhat  curved,  have  been 
named  ‘ horns  ’ (Fig.  148,  a, 
a) ; and  these  have  been 
shown  by  Pringsheim  to  be 
‘ antheridia,’  which  produce, 

‘ antherozoids’  in  their  inte- 
rior; wliilst  the  capsules  (a, 
h)  are  *'  oogonia,’  each  con- 
taining a mass  of  endo- 
chrome which  constitutes  a 
‘ germ-cell  ’ that  is  destined 
to  become,  when  fertihzed, 
the  primordial  cell  of  a new 
generation.  The  antherozoids 
(b,'c,  d),  when  set  free  from 
the  antheridium  a,  swarm 
over  the  exterior  of  the  oogo- 
nium b,  and  have  actually  been 
seen  to  penetrate  its  cavity 
through  an  aperture  which 
opportunely  forms  in  its 
wall,  and  to  come  into  contact 
with  the  surface  of  its  endo- 
chrome - mass,  over  which 
: they  diffuse  themselves ; 
there  they  seem  to  undergo 
<lissolution,  their  substance 
mingling  itself  with  that  of 
'the  germ-cell;  and  the  endo- 
plasm of  the  ‘ oospore  ’ thus 


Successive  phases  of  Geuerative  process 
iu  Vaucheria  sessilis; — at  A are  seen  one  of 
the  ‘ horns’  or  Antheridia  (a)  and  one  of  tlio 
Capsides  (6),  as  yet  unopened ; at  n the  au- 
theridium  is  seen  in  the  act  of  emitting  tlie 
antherozoids  (c),  of  which  many  enter  the 
opening  at  the  apex  of  the  capsule,  whilst 
others  (d)  which  do  not  enter  it,  display 


formed,  which  had  previously  ?'^Sella  when  they  become  motionless  ; 
Tir»  4.  ^ i.  X,  at  c the  orifice  of  the  capsule  is  closed  again 

I P P - vestment  of  its  by  tlie  formation  of  a proper  coat  around  its 
I wn,  soon  begins  to  lorm  an  endochrome,  thus  constituting  an  oospore. 
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euvelope  (c,  h),  which  increases  in  thickness  and  strength,  until  it 
has  acquired  sncli  a density  as  enables  it  to  afibrd  a firm  protection 
to  its  contents. 

250.  The  Microscopist  who  wishes  to  study  the  development  of 
‘ zoospores,’  as  well  as  several  other  phenomena  of  this  low  type  of 
vegetation,  may  advantageously  have  recourse  to  the  little  plant 
termed  AcJilya  prolifera,  which  grows  parasitically  upon  the  bodies 
of  dead  PUes  lying  in  the  water,  but  also  not  unfrequently  attaches 
itself  to  the  gills  of  Pish,  and  is  occasionally  found  on  the  bodies 
of  Progs.*  Its  tufts  are  distinguishable  by  the  naked  eye  as 
clusters  of  minute  colourless  filaments  ; and  these  are  found,  Avhen 
examined  by  the  microscoiDe,  to  be  long  tubes,  devoid  of  all  parti- 
tions, extending  themselves  in  various  directions.  The  tubes  con- 
tain a colourless  slightly-granular  protoplasm,  the  particles  of 
which  are  seen  to  move  slowly  in  streams  along  the  walls,  as  in 
Chara,  the  currents  occasionally  anastomosing  with  each  other 
(Pig.  149,  c).  Within  about  thirty-six  hours  after  the  first  appear- 
ance of  the  parasite  on  any  body,  the  protoplasm  begms  to  accu- 
midate  in  the  dilated  ends  of  the  filaments,  each  of  which  is  cut  ofi' 
from  the  remainder  by  the  formation  of  a partition ; and  within 
this  dilated  cell  the  movement  of  the  protoplasm  continues  for  a 
time  to  be  distinguishable.  Very  speedily,  however,  its  endoplasm 
shows  the  appearance  of  being  broken  up  into  a large  number  of 
distinct  masses,  which  are  at  first  in  close  contact  with  each  other, 
and  with  the  walls  of  the  cell  (Pig.  149,  a),  but  which  gradually 
become  more  isolated,  each  seeming  to  acquire  a proper  ceU-waU ; 
they  then  begin  to  move  about  within  the  parent-cell ; and,  when 
quite  mature,  they  are  set  free  by  the  rupture  of  its  wall  (i>),  to_  go 
forth  and  form  new  attachments,  and  to  develoj>e  themselves  into 
tubiform  cells  resembling  those  from  which  they  sprang.  Each  of 
these  ‘ motile  gonidia’  is  possessed  of  two  flagella ; their  move- 
ments are  not  so  powerful  as  those  of  the  zoospores  of  Vaucheria. 
and  come  to  an  end  sooner. — The  G-enerative  process  in  this 
ty]3e  is  performed  in  a manner  that  may  be  regarded  as  an  advance 
upon  ordinary  conjugation.  The  end  of  one  of  the  long  tubifonn 
cells  enlarges  into  a globular  dilatation,  the  cavity  of  wlfich  be- 
comes shut  off  by  a transverse  partition.  Its  contained  endo- 
plasm divides  into  two,  three,  or  four  segments,  each  of  which  takes 
a globular  form,  and  is  then  fertilized  by  the  penetration  of  an 
antheridial  tube  which  comes  off  from  the  filament  a little  below 
the  partition.f  The  ‘oosjDores’  thus  produced,  escaping  from  the 
globular  cavities,  acquire  fiimi  envelojjes,  and  may  remain  un- 
changed for  a long  time  even  in  water,  when  no  appropriate  nidux 

* This  Plaut,  though,  as  an  inhabitant  of  water,  formerly  I'ankccl  among 
is  now  more  generally  regarded  as  belonging  to  the  group  of  Fungi.,  on  account 
of  its  incapacity  for  the  production  of  chlorophyll,  and  its  parasitism  on  the 
bodies  of  Animals,  from  whoso  juices  its  cells  seem  to  draw  their  nourishment. 

t Soo  Prof.  Sachs’s  “ Text-book  of  Botany”  (translated  by  A.  W.  Beuuett), 

p.  12. 
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exists  for  them ; but  will  quickly  germinate  if  a dead  Insect  or 
other  suitable  object  be  thrown-in. 


Fig.  149. 


Developniont  of  Achlija  2>rolifera : — A,  dilated  ex- 
tremity  of  a filament  h,  separated  from  the  rest  by 
a pai-tition  a,  and  containing  gonidia  in  progi-ess  of 
formation; — b,  conceptacle  discharging  itself,  and 
setting-free  gonidia,  a,  &,  c ,— c,  portion  of  filament, 
showing  the  course  of  the  circulation  of  granular 
protoplasm. 


251.  One  of  the  most  curious  forms  of  tliis  group  is  the  Hydro- 
diciyon  iitricidatum,  which  is  found  in  fresh- water  pools  in  the 
midland  and  southern  counties  of  England.  Its  frond  consists  of 
' f network  of  filaments,  acquiring,  when  full  grown,  a 

length  of  from  four  to  six  inches,  and  composed  of  a vast  number 
0 cylindncal  tubular  cells,  which  attain  the  length  of  four  lines  or 
more,  and  adhere  to  each  other  by  their  rounded  extremities,  the 
^ i .function  corresponding  to  the  knots  or  intersections  of 
the  network.  Each  of  these  cells  may  form  within  itself  an 
■enormous  multitude  (from  7,000  to  20,000)  of  ‘ swarm- spores,’ 
w 1C  , at  a certain  stage  of  their  develoiDment,  are  observed  in 
iC  ive  motion  in  its  interior;  but  of  which  clusters  are  afterwards 
tme  ?y  their  mutual  adhesion,  that  are  set-free  by  the  dissolution 
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of  their  envelopes,  each  cluster,  or  “ maci’o-gouidium,’  giving 
origin  to  a new  plant-net.  Besides  these  bodies,  however,  certain 
cells  produce  from  30,000  to  100,000  ‘ micro-gonidia  ’ of  longer 
shape,  each  furnished  with  four  long  flagella  and  a red  spot ; these 
escape  from  the  cell  in  a swarm,  move  freely  in  the  water  for  some 
time,  and  then  come  to  rest  and  sink  to  the  bottom,  where  they 
remain  heaped  in  green  masses.  It  appears  from  the  observations 
of  Pringsheim,*  that  they  become  surrounded  with  a firm  cellu- 
lose envelope,  and  may  remain  for  a considerable  length  of  time  in 
a dormant  condition,  in  which  they  are  known  as  ‘ statospores 
and  that  in  this  state  they  are  able  to  endure  being  completely 
dried-up  without  the  loss  of  their  vitality,  provided  that  they  are 
secluded  from  the  action  of  Light,  which  causes  them  to  wither  and 
die.  In  this  state  they  bear  a strong  resemblance  to  the  cells  of 
Protococcus. — The  first  change  that  manifests  itself  in  them  is  a 
simjile  enlargement;  next,  the  endochrome  divides  itself  successively 
into  distinct  masses,  usually  from  two  to  five  in  number ; and  these, 
when  set  free  by  the  giving- way  of  the  enveloping  membrane,  pre- 
sent the  characters  of  ordinary  ‘ zoospores,’  each  of  them  possessing 
one  or  two  flagella  at  its  anterior  semi-transparent  extremity. 
Their  motile  condition,  however,  does  not  last  long,  often  giving 
place  to  the  motionless  stage  before  they  have  quite  fi-eed  them- 
selves from  the  parent-cell;  they  then  project  long  angular  pro- 
cesses, so  as  to  assume  the  form  of  irregular  polyhedra,  at  the 
same  time  augmenting  in  size;  and  the  endochrome  contained 
witliin  each  of  these  breaks-up  into  a multitude  of  gonidia,  which 
are  at  first  quite  independent  and  move  actively  -witlun  the  ceU- 
cavity,  but  soon  unite  into  a network  that  becomes  invested  with  a 
gelatinous  envelope,  and  speedily  increases  so  much  in  size  as  to 
rupture  the  containing  cell-wall,  on  escaping  from  which  it  presents 
all  the  essential  characters  of  a young  Ilydrodidyon.  Thus, 
whilst  this  plant  multipHes  itself  by  ‘ macro-gonidia’  during  the 
period  of  its  most  active  vegetation,  this  method  of  multipHcation 
by  ‘ micro-gonidia’  appears  destined  to  secure  its  peiq^etuation  under 
conditions  that  would  be  fatal  to  it  in  its  i^erfect  form. — The 
rapidity  of  the  growth  of  this  curious  organism  is  not  one  of  the 
least  remarkable  j>arts  of  its  history.  The  individual  cells  of 
which  the  net  is  composed,  at  the  tune  of  their  emersion  as 
‘gonidia,’  measure  no  more  than  l-2500th  of  an  inch  in  length: 
but  in  the  course  of  a few  hours,  they  grow  to  a length  of  from 
l-12th  to  l-3rd  of  an  inch. — Hothing  has  been  as  yet  ascertained 
respecting  the  sexual  G-eneration  of  this  type. 

252.  Almost  every  pond  and  ditch  contains  some  members  of 
the  Family  Gonfewaceai;  but  they  are  especially  abundant  iu 
inoving  water ; and  they  constitute  the  greater  part  of  those  green 
threads  which  are  to  be  seen  attached  to  stones,  with  their  free  ends 
floating  in  the  direction  of  the  current,  in  every  ninning  stream, 
and  upon  almost  every  part  of  the  sea-shore,  and  winch  arc  com- 
* “ Quart.  Journ.  ofMicrosc.  Scieucc,”  N.S.,  Yol.  ii.  (1862),  pp.  51.  101. 
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Fig.  150. 


inonlj  kuo-wn  under  the- name  of  ‘ silk-weeds,’  or  ‘ crow-silk.’  d’lieir 
form  is  nsnally  very  regular,  each  thread  being  a long  cylinder 
made-up  by  the  union  of  a single  file  of  short  cylindrical-  cells 
united  to  each  other  by  their  flattened  extremities  ; sometimes 
these  threads  give-off  lateral  branches,  which  have  the  same  struc- 
ture. The  endochrome,  though  usually  green,  is  occasionally  of 
a brmvn  or  purple  hue ; it  is  sometimes  distributed  unifonnly 
throughout  the  ceU  (as  in  Fig.  150),  whilst  in  other  instances  it  is 
arranged  in  a pattern  of  some 
kind,  as  a network  or  spiral ; but 
this  may  be  only  a transitory  stage 
in  its  development. — The  plants  of 
this  family  are  extremely  favour- 
able subjects  for  the  study  of  the 
method  of  cell-ihultiplication  by 
binary  subdivision.  This  process 
usually  takes  place  only  in  the  ter- 
iiiinal  cell ; and  it  may  be  almost 
always  observed  there  in  some  one 
of  its  stages.  The  first  step  is 
seen  to  be  the  subdivision  of  the 
endochrome,  and  the  inflexion  of 
■ the  ectoplasm  around  it  (Fig.  150, 

A,  a) ; and  thus  there  is  gradu- 
ally formed  a sort  of  hour-glass 
contraction  across  the  cavity  of 
• the  parent-cell,  by  which  it  is  di- 
^vided  into  two  equal  halves  (b). 

The  two  surfaces  of  the  infolded 
i.utride  produce  a double  layer  of 
ellulose-membrane  between  them ; 
this  is  not  confined,  however,  to 
tthe  contiguous  surfaces  of  the 
. yroung  cells,  but  extends  over  the 
'.'.whole  of  their  exterior,  so  that  the 
new  sejitum  becomes  continuous 
vith  a new  layer  that  is  fonned 
[1  :hronghout  the  interior  of  the  cel- 
nlose  wall  of  the  original  cell  (c). 

50metimes,however,as  in  Covfei-va 


Process  of  cell-multiplicatiou  in 
Conferva  (ilomerata : — A,  portion  of  fila- 
ment incomplete  separation  at  o, 
and  complete  partition  at  h ; n,  the  se- 
paration completed,  a noir  cellulose 
partition  being  formed  at  a ; c,  foi’raa- 
tion  of  additional  layers  of  cellulose 
wall  c,  beneath  the  mucous  investment 
(I,  and  around  the  ectoplasm  a,  which 
encloses  the  endochrome  b. 


‘domerata  (a  common  species),  new  cells  may  originate  as  branches 
rom  any  part  of  the  surface,  by  a process  of  budding which,  not- 
vithstanding  its  difference  of  mode,  agrees  with  that  just  described 
n its  essential  character,  being  the  result  of  the  subdivision  of  the 
'riginal  cell.  A certain  portion  of  the  ectoplasm  seems  to  undergo 
acreased  nutrition,  for  it  is  seen  to  project,  carrying  the  cellulose 
nvelope  before  it,  so  as  to  form  a little  jirotuberance ; and  this 
ometimes  attains  a considerable  length,  before  any  separation  of 
s cavity  from  that  of  the  cell  which  gave  origin  to  it  begins  to 
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take  place.  This  separation  is  gradually  effected,  however,  by  the 
infolding  of  the  ectoplasm,  just  as  in  the  preceding  case  : and  thus 
the  exidoclirome  of  the  branch-cell  becomes  completely  seveied 
that  of  the  stock.  I’he  branch  then  begins  to  elongate  itselt  by  tlie 
subdivision  of  its  first-formed  cell ; and  this  process  may  be  repeated 
for  a time  in  all  the  cells  of  the  filament,  though  it  iisually  comes 
to  be  restricted  at  last  to  the  terminal  cell.— The  Co'nfervru:mi  mul- 
tiply themselves  liy  zoospores,  which  are  produced  within  then- 
cells,  and  are  then  set-free,  just  as  in  the  Ulvacese  (§  24o). 

253.  A true  sexual  Greneration  has  been  observed  in  several 
Confervacem,  and  is  probably  universal  throughout  the  groip.  Jt 
is  presented  under  a very  interesting  fo^  m a plant  teraied 
Spheeroplea  ammlina,  the  development  and  generation  pf  whicl. 
hive  been  specially  studied  by  Dr.  F.  Golm.*  The  oospm-e 
which  is  the  product  of  the  sexual  process  to  be  presently  desenbed, 
is  filled  when  mature  with  a red  oil,  and  is_  enveloped  by  two  mem- 
branes, of  wHch  the  outer  one  is  furnished  with  steUate  pro- 
longations (Plate  X.,  fig.  1).  When  it  Jaegins  to  vegetate,  its 
endochrome  breaks  up— first  into  two  halves  (fig.  2),  and  then  b} 
successive  subdivisions  into  numerous  segments  (fags.  3,  4),  at  tne 
same  time  becoming  green  towards  its  margin.  These  segments, 
set  free  by  the  rapture  of  their  contaimng  envelope,  escape  as 
‘micro-gonidia,’  which  are  at  first  rounded  or  oval  each  having 
a semi-transparent  beak  whence  proceed  two  flage  a,  u 
^•adually  elongate  so  as  to  become  Worm  (fig.  5),  at  the  same 
time  changing  their  colour  from  red  to  green.  These  move  active^ 
for  a time,  and  then,  losing  their  motile  power,  begin  to  develop 
themselves  into  filaments.  The  first  stage  in  this  development 
consists  in  the  elongation  of. the  cell,  and  the  separation  of  the 
endochrome  of  its  two  halves  by  the  interposition 
(fig  6);  and  in  more  advanced  stages  (figs.  7,  8)  a repetition  of  the 
like  interposition  gives  to  the  endochronie  that  annular  an 
ment  fi-om  which  the  plant  derives  its  specific  name 
at  a,  fig.  9,  as  it  presents  itself  m the  filaments  of  the  adult  pl^t 
whilst  at  h,  in  the  same  figure,  we  see  a sort  of  frothy 
which  the  endochrome  comes  to  possess  through 
of  the  vacuoles.  The  next  stage  in  the  development 
that  are  to  produce  the  oospores,  consists  in  the  agf.'eg'ition 
the  endochrome  into  definite  masses  (as  seen  at  fig.  10,  a),  w 
soon  become  star-shaped  (as  seen  at  6),  each  one  ^emg  contW 
ivithin  a distinct  compariment  of  the  cell  In  a someW  moit 
advanced  stage  (fig.  11,  «),  the  masses  of  endochronie  to  dm 

themselves  together  again;  and  they  soon  assume  a c>  ‘ 
ovoidal  shape  (h),  whilst  at  the  same  time  definite  openings  (c)  ai»^ 
formed  in  their  containing  cell-wall,  riirough  these  opening. 

‘ antherozoids’  developed  within  other  filaments  adnussiou, 
shown  at  cl  fio’.  12;  and  they  seem  to  dissolve  away  (as  it  i e i 
iipon  the  surface  of  the  before-mentioned  masses,  which_sooiia  c - 
♦ “Ami.  <les  Sci.  Nat.,”  4t'-me  Sdr.,  Botan.,  Tom.  v.  p.  lt<<. 
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■wards  become  invested  with  a firm  membranous  envelope,  as  shown 
in  the  lower  part  of  fig.  12.  These  undergo  further  changes  whilst 
still  _ contained  within  their  tubular  parent-cells;  their  colour 
passing  from  green  to  red,  and  a second  investment  being  formed' 
within  the  first,  wliich  extends  itself  into  stellate  prolongations,  as 
seen  in  fig.  13  ; so  that,  when  set  free,  they  precisely  resemble  the 
matnie  oospores  which  we  have  taken  as  the  starting-iioint  in 
this  curions  history.  Certain  of  the  filaments  (fig.  14),  instead  of 
gi'vdng  origin  to  spores,  have  their  annular  collections  of  endo- 
chrome  converted  into  ‘ antherozoids,’  which,  as  soon  as  they  have 
disengaged  themselves  from  the  mucilaginous  sheath  that  envelopes 
them,  move  about  rajiidly  in  the  cavity  of  their  containing  cell 
(«,  6)  around  the  large  vacuoles  which  occupy  its  interior ; and  then 
make  their  escape  through  apertures  (c,  cl)  which  form  themselves 
in  its  wall,  to  find  their  way  through  similar  apertures  into  the 
interior  of  the  spore-bearing  cells,  as  already  described.  These 
antherozoids  are  shown  in  fig.  15,  as  they  apjiear  when  swimmino- 
actively  through  the  water  by  means  of  the  two  flagella  which  each 
possesses. — The  peculiar  interest  of  this  history  consists  in  the 
entire  absence  of  any  sjpecial  organs  for  the  Generative  iirocess 
the  ordinary  filamentous  cells  develojiing  oospores  on  the  one 
hand,  and  antherozoids  on  the  other  ; and  in  the  simplicity  of  the 
l.meMis  by  which  the  fecundating  process  is  accomplished 
• I ?'?'■  i-esemble/loii/ei-iiacece  in  general  aspect  and 

liiiabit  of  life,  but  difter  from  them  in  some  curious  particulars.  As  the 
'.component  cells  of  the  filaments  extend  themselves  longitudinallv 
mew  rings  of  cellulose  are  formed  successively,  and  intercalated  into 
Lthe  ceU-waU  at  its  upper  end,  giving  it  a ringed  appearance.  Only  a ‘ 
tsmgle  large  zoospore  is  set  free  from  each  ceU ; and  its  liberation  is 
b mcomphshed  by  the  almost  complete  fission  of  the  wall  of  the  cell 
I uhrough  one  of  these  rings,  a smaU  part  only  remaining  uncleft, 
hvhich  serves  as  a kind  of  hmge  whereby  the  two  parts  of  the  fila- 
|iment  are  prevented  from  being  altoge-ther  separated.  Sometimes 
trie  zoospore  does  not  completely  extricate  itself  from  the  parent- 
Meil;  and  it  may  be^n  to  grow  in  this  situation,  the  root-like  pro- 
^ extended  into  the  cavity.  Professor 

tk.  M.  Edward^U.S.)  states  that  he  has  seen  the  so-called  ‘motile 
tjpores  of  the  develope  into  objects  exactly  resembling 

t reproducing  “ a filament  exactly  like  that  from 

® on^nal  green  spore  was  projected.”  He  further  asserts 
cell-contents  of  (Eclogonimn  develope  into  forms 
of  Ehrenberg’s  Polygistric  Animal- 

curinn'"^  process,  also,  the  CEdogoniem  show 

. cunous^  departure  from  the  ordinary  type ; for  whilst  the 

ilaS%^il^  1 dilated^iells  of  the  ordinary 

♦ 5'  ^ fertilized  by  the  penetration  of 

* “Monthly  Microsc.  Journal,”  Vol.  vHi.  (1872),  p.  28, 
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‘ antherozoids  ’ (2),  these  antherozoids  are  not  the  immediate 
product  of  the  sperm-cells  of  the  same  or  of  another  filament,  but 
are  developed  within  a body  termed  an  ‘ androspore (5),  which  is 
to  be  set  free  from  within  a sperm-cell  (4),  and  which,  being  fur- 
nished with  a circular  fringe  of  cilia,  and  ha\dng  motile  powers, 
very  strongly  resembles  an  ordinary  zoospore.  Ihis  anch'ospove, 
after  its  period  of  activity  has  come  to  an  end,  attaches  itself  to 
the  onter  snrf ace  of  a germ-cell,  as  shown  at  i , h ; it  then 


A 


Fig.  151. 


11 


A Sexual  generation  of  (Edogoniiim  ciliatum: — 1,  filament  with  two  oospores’ 
I process  of  formation,  the  lower  one  having  two  androspores  attached  to  i s 
tterior,  the  contents  of  the  upper  one  in  the  act  of  Leipg  feitilized  bj  t 
utrance  of  an  antherozoid  set  free  from  the  interior  of  its  androspore , 

•ee  antherozoids  ; 3,  mature  oospore,  still  invested  with  the  ce  1-membranc 
f the  parent  filament : 4,  portions  of  a filament  bearing  sperm  cells,  trom  om 
f which  an  androspore  is  being  set  free ; 5,  libemted  androspore. 

B.  Branches  of  Clia'tophora  elegavs^  in  the  act  of  dischai'gxng  nagellat 
pores,  which  are  seen,  as  in  motion,  on  the  right. 

ndergoes  a change  of  shajie,  and  a sort  of  lid  drops  off  from  ib> 
ree  extremity,  as  seen  in  the  upper  part  of  i,  by  aN^ich  its  cou- 
ained  antherozoids  (2)  are  set  free  ; and  at  the  sainetirne  an  ap 
lire  is  formed  in  the  wall  of  the  germ-cell,  by  which  the  antlie^ 
ozoid  enters  its  cavity,  and  fertilizes  its  endoplasm  by  dissoln  g 


I 


I' 
is 

e. 


q.i 


OPIiETOPHORACEiE. — BATRACPIOSPERME.E.  307 

upon  it  and  blpding  witli  it.  Tliis  mass  then  becomes  an  oospore 
(3),  invested  vdth  a thick  wall  of  its  own,  but  still  retains  more  or 
less  of  the  envelope  derived  from  the  cell  within  which  it  was 
developed.*  It  is  probable  that  the  same  tiling  hap>pens  in  many 
Confervacefo.  and  that  some  of  the  bodies  which  have  been  termed 
‘ micro-gonidia  ’ are  really  androspores.— The  offices  of  these 
different  classes  of  reproductive  bodies  are  only  now  beginning 
to  be  understood;  and  the  inquiry  is  one  so  fraught  witli  Phy- 
siological interest,  and,  from  the  facility  of  growing  these  plants 
in  Aqnaria,  may  be  so  easily  pursued,  that  it  may  be  hoped 
that  the  zeal  of  Microscopists  will  not  long  leave  any  part  of  it  in 
obscurity. 

256.  The  Glmtoplioracece  constitute  a beautiful  and  interestino- little 
group  of  Confervoid  plants,  of  which  some  species  inhabit  tlie  sea, 
whilst  others  are  found  in  fresh  and  pure  water, — rather  in  that  of 
gently  moving  streams,  however,  than  in  strongly  flowing  currents 
Generally  speaking,  their  filaments  put  forth  lateral  branches,  and 
extend  themselves  into  arborescent  fi-onds  ; and  one  of  the  distinc- 
tive characters  of  the  group  is  aff'orded  by  the  fact,  that  the 
extremities  of  these  branches  are  usually  23rolonged  into  bristle- 
shaped processes  (Pig.  151,  b).  As  in  many  jireceding  cases,  these 
plants  multiply  themselves  by  the  conversion  of  the  endoclirome 
of  certam  of  their  cells  into  ‘ zoospores  and  these,  when  set  free 
■are  seen  to  be  fnmished  with  four  flagella.  ‘Eesting-spores’  have 
also  been  seen  in  many  species  ; and  it  is  probable  that  these,  as 
n Lovjei'vacecB,  are  really  oospores. 

257.  The  Batraclwspermece,  whose  name  is  indicative  of  the 
itrong  resemblance  which  their  beaded  filaments  bear  to  froo- 
pawn,  are  now  ranked  as  humble  fresh-water  forms  of  a far  hio-her 

l uannegroup  of  Algje,  the  BliodospermecB  or  Eed  Sea- weeds  (S  330) 
ffit  they  deserve  special  notice  here  on  account  of  the  simplicity 
t their  stmcture,  and  the  extreme  beauty  of  the  obiects  they 
■fford  to  the  Microscopist  (Pig.  152).  They  are  chiefly  found 
1 water  which  is  pure  and  gently-flowing.  “They  are  so  ex- 

mtion  of  obey^he  slightest 

lotion  of  the  fluid  which  sui-rounds  them ; and  nothing  can  sur- 

i-ass  the  ease  and  grace  of  their  movements.  When  removed 

1 appear  like  pieces  of  ieUy, 

nicklv  rpf  ^ organization;  on  immersion,  however,  the  branch^ 

If  their  foi-mer  disposition.”  Their  colour  is  for  the 

’ S V ^ oi-ownish-green  ; but  sometimes  they  are  of  a reddish 

ised 'ffiaSlp  originally  com- 

J p single  ffie  of  large  cylindncal  cells  laid  end  to  end ; but 

•iseX^dSp  Y cells,  in  the  manner  to  be 

■ Sri  regular  intervals,  whorls 

ort  radiating  branches,  each  of  them  composed  of  rounded 

' Eat.,”  46mo  Sch.,  Botau.,  Tom.  v. 
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Batnichospermum  moiiil ifurme. 


cells,  arranged  in  a Lead-like  row,  and  sometimes  subdividing  a.gain 
into  two,  or  themselves  giving  off  lateral  branches.  Each  of  the 

primary  branches  origi- 
nates in  a little  protube- 
rance from  the  primitive 
cell  of  the  central  axis,  pre- 
cisely after  the  manner  of 
the  lateral  cells  of  Confeira 
fllomerata  (§  252) ; as  this 
protuberance  increases  in 
size,  its  cavity  is  cut  off  by 
a septum,  so  as  to  render 
it  an  independent  cell;  and 
by  the  continual  repetition 
of  the  process  of  binary  sub- 
division, this  single  cell  be- 
comes converted  into  a 
beaded  filament.  Certain 
of  these  branches,  however, 
instead  of  radiating  fi-om 
the  main  axis,  grow  down- 
wards upon  it,  so  as  to 
form  a closely-fitting  in- 
vestment that  seems  pro- 
perly to  belong  to  it.  Some  of  the  radiating  branches  grow  out 
into  long  transparent  points,  like  those  of  Chaetophoracem ; and 
within  those  are  produced  ‘ antherozoids,’  which,  though^  not  en- 
dowed with  the  power  of  spontaneous  movement,  find  their  way  to 
the  germ-cells  contained  in  other  parts  of  the  filaments  ; and 
the  fertilization  of  the  contents  of  these  are  produced  ‘ oospores.’ 
which  are  seen  as  dark  bodies  lying  in  the  midst  of  the  whorls  of 

branches  (Fig.  152).  ^ i -j.  * 

258.  Among  the  highest  of  the  Algae  in  regard  to  the  complexity  j 
of  their  Generative  apparatus,  which  contrasts  strongly  with  the  ' 
general  simplicity  of  their  structure,  is  the  Family  of  Characew.  j 
(ranked  by  some  Botanists  as  a group  of  primary  importance):  i 
some  members  of  wliich  have  received  a large  amount  of  attenfion  i 
from  Microscopists,  on  account  of  the  interesting  phenomena  the}  i 
exhibit.  These  humble  plants  are  for  the  most  part  inhabitants  ot  I 
fresh  waters,  and  are  found  rather  in  such  as  are  still,  than  in) 
those  which  are  in  motion  ; one  species,  however,  may  be  met  wi  ( 
in  ditches  whose  waters  are  rendered  salt  by  communication  witiii  . 
the  sea.  They  may  be  easily  groivn  for  the  purposes  of  observation)  ) 
in  laro-e  glass  iars  exposed  to  the  light ; all  that  is  necessary  being  | 
to  pour  oE  the  water  occasionally  from  the  upper  part  of  the  vessel 
(thus  carrying  away  a film  that  is  apt  to  fomi  on  its  snrface)J 
and  to  replace  this  by  fresh  water.  Each  plant  is  compos^  j 
an  assemblage  of  long  tubiform  cells,  placed  end  to  end;  witli J 
distinct  central  axis,  around  which  the  branches  are  disposed 
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intervals  with  great  regularity  (Fig.  163,  a).  In  the  gemis  Nitdla 
the  stem  and  branches  arp  simple  cells,  which  sometimes  attain  the 


Fig.  153. 


branches  of  the  natural  size  ; a,  h,  c,  ,1 
thJhrf  branches  issuing  from  the  stem;  e, /;  subdivisioJ 
ioints  of  of  the  stem  and  branches  enlarged:  a b 

S th:tSe’s-’?r"'^^^^  V’"®"  from  fhe’sfdes 

branches.  ^ sprouting  at  the  extremities  of  the 

'2ft  smrrT®?\  ^ach  Central 

s in  Batroch^'^^^  envelope  of  smaller  ones,  which  is  formed 
3 wpll  n!  1 investing  ceUs  grow  upwards 

each  otherTthe 

f s^crew7a  h «P^^ies  have  the  power 

■ S be  Pine  from  the  water  in  which  they  otow, 

eposition'  of  if  \"^P^’®fnated  with  calcareous  matter  ; and  by  the 
Sai  n , ml  p teguments  they  have  gained  their 

:■  e>/clrm,  Tr  p a display  of  the  phenomenon 

'Saithv  suTp  r 1 u interior.  Each  cell,  in  the 

y Py  II  layer  of  green  oval  granules  which 
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cover  every  part,  except  two  longitudinal  lines  that  remain  nearly 
colourless  (Fig.  153,  n) ; and  a constant  stream  of  semi-fluid  matter 
containing  numerous  jelly-like  globules  is  seen  to  flow  over  the 
green  layer,  the  current  passing  up  one  side,  changing  its  direction 
at  the  extremity,  and  flowing  down  the  other  side,  the  ascending 
and  descending  spaces  being  bounded  by  the  transparent  lines  just 
mentioned.  That  the  currents  are  in  some  way  directed  by  the 
layer  of  granules,  appears  from  the  fact  noticed  by  Mr.  Varley,* 
that  if  accident  damages  or  removes  them  near  the  boundaiy 
between  the  ascending  and  descending  currents,  a portion  of  the 
fluid  of  the  two  currents  will  intermingle  by  passing  the  boundary ; 
whilst,  if  the  injury  be  repaired  by  the  development  of  new  granules 
on  the  part  from  which  they  had  been  detached,  the  circulation 
resumes  its  regularity,  no  j)art  of  either  current  passing  the  boun- 
dary. In  the  young  cells,  however,  the  rotation  may  be  seen  before 
Ihis  granular  lining  is  formed.  The  rate  of  the  movement  is 
affected  by  anytloing  that  influences  the  vital  activity  of  the  Plant ; 
thus,  it  is  accelerated  by  moderate  warmth,  whilst  it  is  retarded  by 
cold  ; and  it  may  be  at  once  checked  by  a slight  electric  discharge 
through  the  plant.  The  moving  globules,  which  consist  of  starchy 
matter,  are  of  various  sizes ; being  sometimes  very  small  and  of 
definite  figure,  whilst  in  other  instances  they  are  seen  as  large 
irregular  masses,  which  appear  to  be  formed  by  the  aggregation 
of  the  smaller  particles.t  The  production  of  new  cells  for  the 
extension  of  the  stem  or  branches,  or  for  the  origination  of  new 
whorls,  is  not  here  accomplished  by  the  subdivision  of  the  parent- 
ceU,  but  takes  place  by  the  method  of  out-growth  (Fig.  153,  b, 
e,f,  g,  h),  which,  as  already  shown  (§  252),  is  nothing  but  a modi- 
fication of  the  usual  process  of  cell-multiplication  : in  this  manner, 
the  extension  of  the  individual  plant  is  effected  with  considerable 
rapidity.  When  these  plants  are  well  supplied  with  nutiiment, 
and  are  actively  vegetating  under  the  influence  of  Hght,  warmth. 
&c.,  they  not  unfrequently  develope  ‘ bulbels,’  or  ‘ gonidia,’  which 
are  little  clusters  of  ceUs,  fiUed  with  starch,  that  sprout  from  the 
sides  of  the  central  axis,  and  then,  falling  off,  evolve  the  long 
tubiform  cells  characteristic  of  the  plant  from  which  they  they  were 
produced.  The  CharacecB  may  also  be  multij)lied  by  artificial 
subdivision ; the  separated  parts  continuing  to  grow  imder  favour- 
able circumstances,  and  gradually  developing  themselves  into  the 
typical  form. 

259.  The  Grenerative  apparatus  of  Characece  consists  of  two  sets  of 
bodies,  both  of  which  grow  at  the  bases  of  the  branches  (Fig.  154,  a,  b): 

* “ Transactions  of  the  Microscopical  Society,”  3rd  Series,  \ol.  ii.  p.  99. 

t This  interesting  phenomenon  may  be  readily  observed,  by  biking  a snwH 
portion  of  the  plant  out  of  the  water  in  which  it  is  growing,  and  either  jdacing 
it  in  a large  Aquatic  box  (§  122)  or  in  the  Zoophyte-trough  (§  124),  or  laying 
it  on  the  glass  Stage-plate  (§  120)  and  covering  it  with  thin  glass.  A 
portion  of  Cliara  or  JVitella  placed  in  the  Growing-slide  (§  121)  may  bo  kept 
under  observation  for  many  days  together. 
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j one  set,  formerly  known  as  ‘globules,’  are  really  antheridia;  whilst 
the  other,  known  as  ‘nucules,’  contain  the  germ-cells,  and  are  true 
pistillidia.  The  ‘globules,’  which  are  nearly  spherical,  have  an 


Fig.  154. 
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aeSiS'AKr  oi-  ■ globule’ 

Md  gTbuie  • Id  on™  ‘micule,’-,,.  „„e,Ue  enlarged, 

thp  voWn  ^ separation  of  its  valves  •— c one  of 

of  a linU^seS^ofLnri^-i^-  fil'^ments,  each  composed 

formeSSrr  E wf  l’+hp  antherozoid  is 

seen:--andatGtsXnJ’  ^"ccessive  stages  of  this  formation  are 
ana  at  G is  shown  the  escape  of  the  mature  antherozoids,  H. 

arked^\^ich  pnpi?f  triangular  valves  (b,  c),  often  curiously 
S Ts  ^ miclens  of  a Hght  reddish  colour:  this 

P P y composed  of  a mass  of  filaments  rolled  up 
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compactly  togothov ; and  eaah  of  theae 

Oont'ervn,  of  a linear  suoeeesion  of  ccU«.  I i»/„„ntcnte  (the 
celle  there  is  formed,  by  a gradual  change  in 
uieresaive  statree  of  which  are  seen  at  D,  n,  r),  a spiral  tnre^ 
t^o  or  thU  c^^^^  which,  -‘«tst  motionless  S-wX-- 

;:£  r-stc'SKSSjt  -sis  :.S*: 

desmidiace.e  and  diato:m;jvceje. 

S60.  Among  cellTT^^^^^^ 

in  the  ‘ coDiugation  of  Wo  as  to  need 

groups  of  such  peculiar  and  the  Biatomaceat. 

a special  notice;  these  t many  other  Naturalists 

Both  of  them  were  +Ee\r  hfe-history,  and 

3’^^yetsTlfe‘:rge:^^^^^^^^  »* 

'^fbLThe”Sinl.vcMt  are  minute  plants  of  a green  colour, 

• A full  aocounl  of  llio  ®“'‘K“-?‘’'uSll°ir'2T8  P\4io^s"oteerver5  haro 

iserted-toipmliolcsof  Iheprotopl^^  live,  movA  »d 

„Uen  set  free  by  the  riipt.ire  of  disposed  to  think  thst  the 

.rpo^y  as  independent  Ehizopods.  But  the  ^ ^ ^ases  of  parasitism ; 

uhenomena  thus  represented  are  rathei  to  be  ^Beitrage  zur 

the  decaying  cells  of  NiteUah&mng  be^.  fo^  ^d^by  O ^ ^ 

Kentniss  der  Monaden,  m A ;,.y  , v ^jgg  -^yhich  seem  to  coiTespond  uitb 

111  the  JV'i7eto-cells.  +i,;=  o-vonn  dates  from  the  publication  of 

t Onr  first  accurate  knowledge  of  s S i . formation  in  regate  to  it 
Mr.  Kalfs-s  admirable  Monograph  m 1848  ^atm 
will  bo  found  in  the  Section  coutnbntcd  bj  Mi.  . 

of  Pritchard’s ‘Infusoria.’ 
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growing  in  fresh  water  ; generally  speaking,  the  cells  are  indepen- 
dent of  each  other  (Figs.  155-158) ; but  sometimes  those  which 
have  been  produced  by  binary  subdivision  from  a single  primordial 
cell,  remain  adherent  one  to  another  in  linear  series,  so  as  to  form 
a filament  (Fig.  160).  The  tribe  is  distinguished  by  two  peculiar 
features : one  of  these  being  the  semblance  of  a division  of  each 
cell  into  two  symmetrical  halves  by  a ‘ sutural  line,’  which  is  some- 
times so  decided  as  to  have  led  to  the  belief  that  the  cell  is  really 
double  (Fig.  158,  a),  though  in  other  cases  it  is  merely  indicated  by 
a slight  notch ; whilst  the  other  is  the  frequency  of  projections 
from  the  surface,  which  are  sometimes  short  and  inconspicuous 
(Fig.  158),  but  are  often  elongated  into  spines,  presenting  a very 
symmetrical  arrangement  (Fig.  155).  These  ^projections  are  generally 
formed  by  the  cellulose  envelope  alone ; which  possesses  an  almost 
homy  consistence,  so  as  to  retain  its  form  after  the  discharge  of  its 

Fig.  155. 
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Various  species  of  Staurastnim; — A,  S.  vestitum;  n,  S.  aculcutam; 

C,  S.  parculoxum;  D,  E,  S.  brachiatum. 

contents  (Figs.  158,  b,  d,  162,  b),  but  does  not  include  any  mineral 
ingredient,  either  calcareous  or  siliceous,  in  its  composition ; in  other 
instances,  however,  they  are  formed  by  a notching  of  the  margin  of 
the  cell  (Fig.  157)  w'hich  may  affect  only  the  outer  casing,  or  may 
e.Ktend  into  the  cell-cavity.  The  outer  coat  is  surrounded  by  a very 
' transparent  sheet  of  gelatinous  substance,  which  is  sometimes  very 
iistinct  (as  shown  in  Fig.  160),  whilst  in  other  cases  its  existence 
'.s  only  indicated  by  its  preventing  the  contact  of  the  cells.  The 
niter  coat  encloses  a primordial  utricle,  which  is  not  always 
jlosely  adherent  to  it ; and  this  immediately  surrounds  the  endo- 
mrome,  Avhich  occupies  nearly  the  whole  interior  of  the  cell,  and  in 
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certain  stages  of  its  growth  is  found  to  contain  stai'ch -granules. 
Many  of  these  Plants  have  a power  of  slowly  changing  their  place, 
so  that  they  approach  the  light  side  of  the  vessel  in  which  they  are 
kept,  and  will  even  traverse  the  field  of  the  Microscope  under  the 
eye  of  the  observer ; by  what  agency  this  movement  is  effected 
has  not  yet  been  certainly  made  out. 

262.  A * cyclosis  ’ may  be  readily  observed  in  many  Desmidictceo} 
and  is  particularly  obvious  along  the  convex  and  concave  edge.s  of 
the  cell  of  any  vigorous  specimeit  of  Closterhcm,  with  a magnifying 
power  of  260  or  300  diameters  (Pig.  156,  a,  b).  By  careful  focussing, 

Fig. 

/ . 


Cyclosis  iu  Closteriiim  lanula  cell  slio wing  central  separa- 

- tion  at  a,  in  which  the  large  globules,  &,  are  not  seen  ;-b,  one  ex  re- 
inity  enlarged,  showing  the  movement  of  globules  m the  coloxirless 
space  ;—c,  external  jet  produced  by  pressure  on  the  cell,  piobably 
through  an  opening  in  the  cellulose  envelope ; n,  cell  in  a state  of 
self-division. 

the  flow  may  be  seen  iu  broad  streams  over  the  whole  surface 
of  the  endochrome ; and  these  streams  detach  and  carry  with  them, 
from  time  to  time,  little  oval  or  globular  bodies  (a,  6)  which  are 
put-forth  from  it,  and  are  carried  by  the  course  of  the  flow  to  the 
transparent  spaces  at  the  extremities,  where  they  join  a crowd  of 

similar  bodies.  Ineachof  thesespaces(B),aprotoplasmicflowproceeds 

from  the  somewhat  abrupt  termination  of  the  endochrome, towaids 
the  obtuse  end  of  the  cell  (as  indicated  by  the  interior  arrows) ; 
and  the  globules  it  contains  are  kept  in  a sort  of  twisting  “O''’  ' 
mcnt  on  the  inner  side  (a)  of  the  primor^al  utricle.  Other  curmnts 
are  seen  apparently  external  to  it,  which  form  three  or  four  distinct 
courses  of  globules,  passing  towards  and  away-from  c (as  indicated 
by  the  outer  arrows),  where  they  seem  to  encounter  a fluid  jette 
towards  them  as  if  through  an  aperture  in  the  primordial  nt^le  at 
the  apex  of  the  chamber ; and  here  some  communication  between 
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the  Inner  and  the  outer  currents  aj)pears  to  take  place*. — Another 
curious  movement  i.s  often  to  be  witnessed  in  the  interior  of  the 
cells  of  members  of  this  family,  especially  the  various  species  of 
Gosmarium,  which  has  been  described  as  ‘the  swarming  of  the 
granules,’  from  the  extraordinary  resemblance  which  the  mass  of 
particles  of  endochrome  in  active  vibratory  motion  bears  to  a 
swarm  of  bees.  This  motion  continues  for  some  time  after  the 
particles  have  been  expelled  by  pressui-e  from  the  interior  of  the 
cell ; and  it  does  not  seem  to  depend  (like  that  of  true  ‘ zoospores’) 
upon  the  action  of  cilia  or  flagella,  but  rather  to  be  a more  active 
form  of  the  molecular  movement  common  to  other  minute  particles 
freely  suspended  in  fluid  (§  155).  It  has  been  supposed  that  the 
I swarming’  is  related  to  the  production  of  zoospores  ; but  for  this 
idea  there  does  not  seem  any  adequate  foundation.'!" 

263.  When  the  single  cell  has  come  to  its  full  maturity,  it  com- 
monly multiplies . itself  by  hinary  subdivision ; but  the  plan  on 
which  this  takes  place  is  often  peculiarly  modified,  so  as  to  main- 
tain the  symmetry  characteristic  of  the  tribe.  In  a cell  of  the 
sunple  cylindrical  form  of  those  of  Didymopriimi  (Tig.  160),  little 
more  is  necessary  than  the_  separation  'of  the  two  halves  at  the 
sutural  line,  and  the  formation  of  a partition  between  them  by  the 
infolding  of  the  primordial  utricle  ; and  in  this  manner,  out  of  the 
lowest  cell  of  the  filament  a,  a double  cell,  b,  is  produced.  But  it 
will_  be  observed  that  each  of  the  simple  cells  has  a bifid  wart-like 
projection  of  the  cellulose  wall  on  either  side,  and  that  the  half  of 
this  projection,  which  has  been  appropriated  by  each  of  the  two  new 
cells,  is  itself  becoming  bifid,  though  not  symmetrically ; in  process 
however,  the  increased  development  of  the  sides  of  the  cells 
'v\hich  remain  in  contiguity  with  each  other  brings  up  the  smaller 
projections  to  the  dimensions  of  the  lai'ger,  and  the  symmetry  of 
the  cells  is  restored.— In  GlosfsHum  (Fig.  156,  n),  the  two  halves  of 
the  endochrome  first  retreat  from  one  another  at  the  sutural  line, 
and  a constriction  takes  place  round  the  cellulose  wall ; this  con- 
striction deepens  until  it  becomes  an  hour-glass  contraction,  which 
proceeds  until  the  cellulose  wall  entirely  closes  round  the  primordial 

, .*  f Osborne’s  coinnuinications  to  the  “ Quart.  Jonru.  of  Microsc. 

5C1.,  Vol.  11.  (18oI),  p.  234,  and  Vol.  iii.  (1855),  p.  54.— Although  the  inove- 
aent  is  an  iinquestion.able  fact,  yet  there  can  be  no  hesitation  in  regarding  the 
ppearance  oi  ciliary  actina  described  by  that  observer  as  an  optical  illusion  ; as 
vas  early  pointed  out  by  Mr.  VVenhaiii  in  the  same  Journal,  Vol.  iv.,  185(i, 
pr  movement  has  been  described  by  a recent  ob- 

erverj.ur.  A.  W.  M dls)  as  one  of  ebb  and  flow,  alternately  towards  and  from 
? k!-’  longitudinal  bauds  or  streams ; its  direction  in  any  one 

reversed  every  few  seconds  ; while  in  different  bauds  the 
ndti  nfti  directions  at  the  same  time.  The  clear  spaces  at  tlio 

I > contractile  vesicles  ; and  these  (he  says)  can 

homr}.  ^1  ^ 1-Gth  inch  objective  to  be  undergoing  incessant 

iStlv  >u  foiTii,  with  which  the  flow  of  the  currents  can  be 

Jo^  Naturalist,”  1880,  p.  187,  quoted 

Joum.  of  Itoy.  Microsc.  Soc.,”  Vol.  iii.  (1880),  p.  845. 

t see  Archer  in  “ Quart.  Journ.  of  Microsc.  Sci.,”  Vol.  viii.  (18G0),  p.  215. 
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utricle  of  tlie  two  segments : in  this  state,  one  half  commonly 
remains  passive,  whilst  the  other  has  a motion  from  side  to  side, 
which  gradually  becomes  more  active ; and  at  last  one  segment 
quits  the  other  with  a sort  of  jerk.  At  this  time  a constriction  is 
seen  across  the  middle  of  the  primordial  utricle  of  each  segment, 
indicating  the  formation  of  the  sutural  hand ; but  there  is  no 
division  of  the  cell-cavity,  which  is  that  belonging  to  one  of  the 
halves  of  the  original  entire  cell.  The  cyclosis,  for  some  hours 
previously  to  subdivision,  and  for  a few  hours  afterwards,  runs 
quite  round  the  obtuse  end,  a,  of  the  endochrome  ; but  gradually  a 
transparent  space  is  formed,  like  that  at  the  opposite  extremity, 
by  the  retreat  of  the  coloured  layer ; whilst,  at  the  same  time,  its 
obtuse  form  becomes  changed  to  a moi’c  elongated  and  contracted 
shape.  Thus,  iu  five  or  six  hours  after  the  separation,  the  aspect 
of  each  extremity  becomes  the  same,  and  each  half  resembles  the 
cell  in  whose  self-division  it  originated. 

264.  The  process  is  seen  to  be  performed  after  nearly  the  same 
method  in  Stmirastrum  (Fig.  165,  D,  e)  ; the  division  taking  place 
across  the  central  constriction,  and  each  half  gradually  acquiring 
the  symmetxy  of  the  original. — In  such  forms  as  Cosmarium,  how- 
ever, in.  which  the  cell  consists  of  two  lobes  united  together  by  a 
narrow  isthmus  (Fig.  158),  the  division  takes  place  after  a different 
method  ; for  when  the  two  halves  of  the  outer  wall  separate  at  the 
sutural  line,  a semiglobular  protrusion  of  the  endochrome  is  put 
forth  from  each  half;  these  jxrotrusions  are  separated  from  one 
another,  and  from  the  two  halves  of  the  original  cell  (which  their 
interposition  carries  apart),  by  a narrow  neck;  and  they  progressively 
increase  until  they  assume  the  appearance  of  the  half-segments  of 
the  original  cell.  In  this  state,  therefore,  the  plant  consists  of 
a row  of  four  segments,  lying  end  to  end,  the  two  old  ones  forming 
the  extremes,  and  the  two  new  ones  (which  do  not  usually  acquire 
the  full  size  or  the  characteristic  markings  of  the  original  before 
the  division  occurs)  occupying  the  intermediate  place.  At  last 
the  central  fission  becomes  complete,  and  two  bipartite  fronds  are 
formed,  each  having  one  old  and  one  young  segment : the  young 
segment,  however,  soon  acquires  the  full  size  and  characteristic 
aspect  of  the  old  one  ; and  the  same  process,  the  whole  of  which 
may  take  place  within  twenty-four  hours,  is  repeated  ere  long.* 
The  same  general  plan  is  followed  in  Micrasterias  denticulaia 
(Fig.  157) ; but  as  the  small  hyaline  hemisphere,  put  forth  in  the 
first  instance  from  each  frustule  (a),  enlarges  with  the  flowing-in 
of  the  endochrome,  it  undergoes  progressive  subdivision  at  its 
edges,  first  into  three  lobes  (b),  then  into  five  (c),  then  into  seven 
(d),  then  into  thirteen  (e),  and  finally  at  the  time  of  its  separation 
(r),  acquires  the  characteristic  notched*  outline  of  its  type,  being 

* See  the  observations  of  Mrs.  Herbert  Thomas  on  Cosmarium  mar;/ariti- 
/ermn,  iu  “Transact,  of  Microsc.  Society,”  N.S.,  Vol.  iii.  (18.i5),  pp.  33-36.— 
S(jveral  varieties  in  the  mode  of  subdivision  are  described  in  this  short  rcconl 
of  long-continued  observations,  as  of  occasional  occurrence. 
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oiily  clistinpuahaUe  from  tl.o  older  half  by  its  smaller  size.  The 
^^hoIe  of  tins  piocess  nmy  take  j^Iace  within  three  hours  and  a 
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Successive  stages  of  Bioary  subdivision  of  MicvcUerias  denticalaia. 

s^n  »r4f  “f'**  ^ “ 

fartte  from  tch  S-  ■ mast  carry  them  farther  and 

■from  that  of  the  ^ mode  of  increase 

andergoes  snbdi vision terminal  cell  alone 
formed.  (§  2-o2),  and  is  consequently  the  one  last 

See  Lobb  in  “Transact,  of  Microsc.  Society,”  N.S.,  Vol.  ix.  (1861),  p.  1. 
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265.  Although  it  is  prnLable  tliat  the  Besmidiac.ece  generally 
multiply  themselves  also  hy  the  subdivision  of  their  endochrome 
into  a number  of  zoospores,  only  one  undoubted  case  of  the  kind 
has  yet  been  recorded  (the  Tedlastrefa,  § 270,  being  no  longer 
ranked  within  this  group)  ; that,  namely,  of  Docidium  Ehrenherr/i-i . 
whose  elongated  cell  puts  forth  from  the  vicinity  of  the  sutural 
line,  one,  two,  or  three  tubular  extensions  resembling  the  finger  of  a 
glove,  through  which  there  pass  out  from  20  to  50  motile  micro- 
(jonidia  formed  by  the  breaking-up  of  the  endochrome  of  the 
neighbouring  portion  of  each  segment.* 

266.  AVhether  there  is  in  this  group  anything  that  corresponds  to 
the  ‘ encysting’  process  (§  228  note)  or  the  formation  of  ‘ stato-spores’ 
(§  241)  in  other  Protophytes,  has  not  yet  been  certainly  ascer- 
tained ; bnt  the  following  observations  may  have  reference  to  such 
a condition.  It  is  stated  by  Focke  that  the  entire  endochrome  of 
Closterium  sometimes  retracts  itself  from  the  cell-wall,  and  breaks 
itself  up  into  a number  of  globules,-  every  one  of  which  acquires  a 
very  firm  envelope.  And  it  is  affirmed  by  Mr.  Jenner  that  “in 
all  the  Desmidiacem,  but  especially  in  Closterium  and  Micrasterias, 
small,  compact,  seed-like  bodies  of  a blackish  colour  are  at  times 
to  be  met  with.  Their  situation  is  uncertain,  and  their  number 
varies  from  one  to  four.  In  their  immediate  neighbourhood  the 
endochrome  is  wanting,  as  if  it  had  been  required  to  form  them ; 
but  in  the  rest  of  the  frond  it  retains  its  usual  colour  and  appear- 
ance.” It  seems  likely  that,  when  thus  enclosed  in  a firm  cyst, 
the  gonidia  are  more  capable  of  preserving  their  vitality,  than 
they  are  when  destitute  of  such  a protection ; and  that  in  this  con- 
dition they  may  be  taken-up  and  wafted  through  the  air,  so  as  to 
convey  the  species  into  new  localities. 

267.  The  proper  Generative  process  in  the  Besmidiacece  is 
always  accomplished  by  the  act  of  ‘ conjugation  which  commences 
with  the  dehiscence  of  the  firm  external  envelope  of  each  of  the 
conjugating  cells,  so  as  to  separate  it  into  two  valves  (Fig.  158,  c,  D ; 
Fig.  169,  c).  The  contents  of  each  cell  thus  set-free  without  any 
distinct  investment,  blend  with  those  of  the  other ; and  a ‘ zygo- 
spore’ is  forro.ed  by  their  union,  which  soon  acquires  a truly  mem- 
branous envelope.!  This  envelope  is  at  first  very  delicate,  and  is 
filled  with  green  and  granular  contents ; by  degrees  the  envelope 
acquires  increased  thickness,  and  its  contents  become  brown  or  red. 
The  surface  of  the  zygospore  is  sometimes  smooth,  as  in  Closterium 
and  its  allies  (Fig.  159) ; but  in  the  Cosmariece,  it  becomes  granu- 
lar, tuberculated,  or  even  sinnous  (Fig.  158,  n),  the  spines^  being 
sometimes  simple  and  sometimes  forked  at  their  extremities.^ 

* See  Arclier  in  “ Quart.  Joum.  of  Microsc.  Sci.,”  Vol.  viii.  (1860),  p.  227. 

I In  certain  species  of  C/osterinin,  .as  in  many  of  the  Diatomaccce  (§  280),  the 
act  of  conjugation  gives  origin  to  two  spor.augia. 

J Bodies  precisely  resembling  these,  and  almost  certainly  to  be  regarded  as 
of  like  kind,  are  often  found  fossilized  in  Flints,  and  have  been  described  by 
Ehrenberg  as  the  remains  of  Animalcules,  under  the  name  of  Xauthidia. 
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The  raode  iu  -which  conjugation  takes  place  in  the  filamentous 
species  constituting  the  DesmidiecG  proper,  is,  however,  in  many 
respects  different.  The  filaments 
first  separate  into  their  compo- 
nent joints.';  and  when  two  cells 
approach  in  conjugation,  the 
outer  cell-wall  of  each  splits  or 
gapes  at  that  part  which  adjoins 
the  other  cell,  and  a new  growth 
takes  place,  which  forms  a sort 
of  connecting  tube  that  unites 
the  cavities  of  the  two  cells 
(Fig.  160,  D,  e).  Through  this 
tube  the  entire  endochrome  of 
one  cell  passes  over  into  the  ca- 
vity of  the  other  (d)  ; and  the  two 
are  commingled  so  as  to  form  a 
single  mass  (e),  as  is  the  case  in 
many  of  the  Oonjugatece  (§  235). 

.The  joint  which  contains  the 
zygospore  can  scarcely  be  dis- 
.tinguished  at  first  (after  the 
■separation  of  the  empty  cell), 
ssave  by  the  greater  density  of 
t ts  contents ; but  the  proper 
■ !oats  of  the  zygospore  gradually 
l-.)ecome  more  distinct,  and  the 
Enveloping  cell- wall  disappears. 

— The  subsequent  history  of  the  zygospores  has  hitherto  been 
[made  out  in  only  a few  cases.  From  the  observations  of  Mrs. 
H 1.  Thomas  (loc.  cit)  on  Cosmarium,  it  appeared  that  each  zygo- 
pore  gives  origin,  not  to  a single  cell  but  to  a brood  of  cells  ; and 
• his  view  is  fully  confirmed  by  Hoffmeister,*  who  speaks  of  it  as 
eyond  doubt  that  the  contents  of  the  zygospores  are  transformed 
.-y  repeated  binary  subdivisions  into  8 or  16  cells,  which  assume  the 
;riginal  form  of  the  parent  before  they  are  set  free  by  the  rupture 
diffiuence  of  the  enclosing  wall.  The  observations  of  Jenner 
, id  Focke  render  it  probable  that  the  same  is  the  case  in  Clos- 
yium;  but  much  has  still  to  be  learned  in  regard  to  the  de- 
idopment  of  the  products  of  the  Generative  process,  as  it  is  by  no 
cans  certain  that  they  always  resemble  the  parent  forms.  For 
IS  affirmed  by  Mr.  Ralfs  that  there  are  several  Desmidiaceai 
aich  never  make  their  appearance  in  the  same  pools  for  two  years 
ccessively,  although  their  zygospores  are  abundantly  produced — 
circumstance  which  would  seem  to  indicate  an  ‘ alternation  of 
. nerations.’  It  is  a subject,  therefore,  to  which  the  attention  of 
icroscopists  cannot  be  too  sedulously  directed. 

268,  The  subdivision  of  this  Family  into  Genera,  according  to 
* “Auu.  of  Niit.  Hist.,”  3rd  Ser.,  Vol.  i.  (1858),  p.  2. 


Ooujugatiou  of  Cosmarium,  botrytis: — 
A,  mature  cell ; B,  empty  cell-euvelope  : 
c,  transverse  view ; n,  zygospore  with 
empty  cell-envelopes. 
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the  method  of  Mr.  Ealfs  (“British  Desmidicm”),  as  modified  by 
Mr.  Archer  (Pritchard’s  “Infusoria”),  is  based  in  the  first  instance 

Fio.  159. 


Coniuo-ation  of  Closterium  siriatulum : — A,  _ordinai-y  cell ; n,  empty  cell ; 

° c,  two  cells  in  conjugation,  with  incipient  zj'gospore. 

tipon  the  connection  or  disconnection  of  the  individual  cells  ; two 
erroups  beino-  thus  formed,  of  which  one  includes  all  the  genera 
whose  cells,  when  multiplied  by  binary  subdivision,  remain  united 
into  an  elongated  filament;  whilst  the  other  comprehends  aU  those 
in  which  the  cells  become  separated  by  the  completion  ot  the 
fission.  The  further  division  of  the  filamentous  group,  in  which 
the  zygospores  are  always  globular  and  smooth,  is  based  on  the 
fact  that  in  one  set  of  genera  the  joints  are  many  times  longer 
than  they  are  broad,  and  that  they  are  neither  constricted  nor 
furnished  with  lateral  teeth  or  projections ; whilst  in  the  o^er  set 
(of  which  Bichnnoprium,  Fig.  160,  is  an  example)  the  length  and 
breadth  of  each  joint  are  nearly  equal,  and  the  joints  are  more  or 
less  constricted,  or  have  lateral  teeth  or  projecting  angles,  or  are 
otherwise  figured  ; and  it  is  for  the  most  part  tpon  the  variations 
in  these  last  particulars,  that  the  generic  characters  are  based. 
The  solitary  group  presents  a similar  basis  for  primary  division 
in  the  marlfed  difference  in  the  proportions  of  cells;  such  elon- 
gated forms  as  Glosterium  (Figs  156,  159)  ^^  ''’bich  the  length  is 
many  times  the  breadth,  being  thus  separated  ^^'o°\bhose  m w^ 
SiS  in  Micrasterias  (Fig.  157),  Gosmarmm  jn 

trvm  (Fig.  155),  the  breadth  more  nearly  equals  the  leng^.  in 
the  former  the  sporangia  are  smooth,  wMlst  in  the  latter  ^ ej  ^ 
very  commonly  spinous  and  are  sometimes 

^roun  the  chief  secondary  characters  are  derived  from  the  de^r 

S conBtrfcta  between  tL  two  halves  of  the  cell,  the  division  ot 
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its  margiu  iuto  segments  by  incisions  more  or  lerss  deep,  and  its 
extension  into  teeth  or  spines. 

Fig.  IGO. 


Binary  subdivision  and  (Joiijugatiou  of  mdi/mopniini.  GreviUii  :~ 
•b  portion  of  filament,  suiTounded  by  gelatinous  envelope  ; B,  dividing 
oeii;  c,  single  cell  viewed  transversely;  n,  two  cells  in  conjugation  : 
E,  formation  of  zygospore. 


2d9.  The  Desmidiaccai  are  not  found  in  running  streams,  unless 
•-e  motion  of  the  water  be  very  slow ; but  are  to  be  loohed-for  in 
n iiig  though  not  stagnant  waters.  ^ Small  shallow  pools  that 
summer,  especially  in  open  e.xposed  situations, 
. cn  as  boggy  moors,  are  most  productive.  The  larger  and  heavier 
ts  commonly  he  at  the  bottom  of  the  pools,  either  spread-out 
stratum,  or  collected  into  finger-like  tufts. 

+ ' P'l'^sing  the  fingers  beneath  these,  they  may  be  caused 
t W . r surface  of  the  water,  and  may  then  be  lifted 

"y  a tm-box  or  scoop.  Other  species  form  a greenish  or  dirty 
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cloud  Tipon  the  stems  and  leaves  of  other  aquatic  plants ; and 
these  also  are  best  detached  by  passing  the  hand  beneath  them, 
and  ‘ stripping  ’ the  plant  between  the  fingers,  so  as  to  carry  off 
upon  them  what  adhered  to  it.  If,  on  the  other  hand,  the  bodies 
of  which  we  are  in  search  should  be  much  diffused  through  the 
water,  there  is  no  other  course  than  to  take  it  up  in  large  quantities 
by  the  box  or  scoop,  and  to  separate  them  by  straining  through  a 
piece  of  linen.  At  first,  nothing  appears  on  the  linen  but  a mere 
stain  or  a little  dirt ; but  by  the  straining  of  repeated  quantities, 
a considerable  accumulation  may  be  gradually  made.  This  should 
be  then  scraped-off  with  a knife,  and  transferred  into  bottles  with 
fresh  water.  If  what  has  been  brought  up  by  hand  be  richly 
charged  with  these  forms,  it  should  be  at  once  deposited  in  a 
bottle;  this  at  first  seems  only  to  contain  foul  water;  but  by 
allowing  it  to  remain  undisturbed  for  a little  time,  the  Desmids 
will  sink  to  the  bottom,  and  most  of  the  water  may  then  be 
poured-off,  to  be  replaced  by  a fresh  supply.  If  the  bottles^  be 
freely  exposed  to  solar  light,  these  little  plants  will  flourish, 
apparently  as  well  as  in  their  native  pools ; and  their  various 
phases  of  multiplication  and  repi’oduction  may  be  observed  during 
successive  months  or  even  years. — If  the  pools  be  too  deep  for  the 
use  of  the  hand  and  the  scoop,  a collecting-bottle  attached  to  a 
stick  (§  216)  may  be  employed  in  its  stead.  The  ring-net  (§  216) 
may  also  be  advantageously  employed,  especially  if  it  be  so  con- 
sti'ucted  as  to  allow  of  the  ready  substitution  of  one  piece  of  muslin 
for  another.  For  by  using  several  pieces  of  previously  wetted 
muslin  in  succession,  a large  number  of  these  minute  organisms 
may  be  separated  from  the  water;  the  pieces  of  muslin  ma}'’  be 
brought  home  folded-up  in  wide-mouthed  bottles,  either  sepa- 
rately, or  several  in  one,  according  as  the  organisms  are  obtained 
from  one  or  from  several  waters ; and  they  are  then  to  be  opened 
out  in  jars  of  filtered  river-water,  and  exposed  to  the  light,  when 
the  Desmids  will  detach  themselves. 

270.  FediastrecB.—lh^  members  of  this  family  were  formerly 
included  in  the  preceding  group ; but,  though  doubtless  related 
to  the  true  Desmidiacece  in  certain  particulars,  they  present  too 
many  points  of  difference  to  be  properly  associated  with  them. 
Their  chief  point  of  resemblance  consists  in  the  firmness  of  the 
outer  casing,  and  in  the  frequent  interruption  of  its  margin  either 
by  the  protrusion  of  ‘horns’  (Fig.  161,  a),  or  by  a notching  more 
or  less  deep  (Fig.  162,  n) ; but  they  differ  in  these  two  importpt 
particulars,  that  the  cells  are  not  made  up  of  two  symmetrica 
halves,  and  that  they  are  always  found  in  aggregation, 
jjot — except  in  such  genera  as  Scenodcsvius  {ArtliTodesmus, ^ Fhi.)r 
which  connect  this  group  with  the  preceding  in  linear  series,  bu  h 
in  the  form  of  discoidal  fronds.  In  this  tribe  we  meet  with  a form  ol 
multiplication  by  zoospores  aggregated  inio  macro-gonidia,  whiclijjj 

* Solitary  zoospores  or  micro-goiiidia  have  been  observed  b}'  Biivnn  to  ninki  i 
their  way  out  and  swim  away ; but  their  subsequent  history  is  unknoun. 


MULTIPLICATION  OF  PEDIASTEEA'L 


reminds  us  of  the  formation  of  the  motile  spheres  of  Folvox  (§  239), 
and  which  takes  place  in  such  a manner  that  the  resultant  product 

Fig.  IGl. 


Various  phases  of  development  of  Pedicuti'iim  rjrumilatum. 

I ay  vary  greatly  in  number  of  its  cells,  and  consequently  both  in 
■!e  and  in  form.  Thus,  in  PediastrLim  gramilatum  (Fig.  161),  the 
ospores  formed  by  the  subdivision  of  the  endochrome  of  one  cell 
' to  gonidia,  which  may  be  4,  8,  16,  32,  or  64  in  number,  escape 
Dm  the  parent  frond  still  enclosed  in  the  inner  tunic  of  the  cell ; 
d if  is  within  this  that  they  develop  themselves  into  a cluster 
(embling  that  in  which  they  originated,  so  that  whilst  the  frond 
rmally  consists  of  sixteen  ceils,  it  may  be  comjjosed  of  either  of  the 
t-mentioned  multiples  or  sub-multiples  of  that  number.  At  a, 
seen  an  old  disk,  of  irregular  shape,  nearly  emjAied  by  the 
sc  ission  of  its  macro-gonidia,  which  had  been  seen  to  take-place 
' ^ if hours  previou.sly  from  the  cells  a,  h,  c,  d,  e ; most  of  the 

^ if  cross  slit  through  which  their  contents  had 

a discharged;  and  where  this  does  not  present  itself  on  the 
3 next  the  observer,  it  is  found  on  the  other.  Three  of  the  cells 
<^oloured  contents,  but  in  different  conditions, 
o em  exhibits  an  early  stage  of  the  subdivision  of  the  endo- 
• ome,  namely,  into  two  halves,  one  of  which  already  appears 
ve  again,  t wo  others  are  filled  by  sixteen  very  closely-crowded 
of  which  are  visible,  as  they  form  a double  layer, 
j f very  act  of  discharging  its  gonidia ; 

\ . ^ passed  forth  from  its  cavity,  though  still  enve- 

^ formed  by  the  extension  of  its  innermost  meniT 

le,  Whilst  seven  yet  remain  in  its  interior.  The  new-born 
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family,  as  it  appears  immediately  on  its  complete  emer.siou,  i.s 
shown  at  n;  the  gonidia  are  actively  moving  within  the  vesicle; 
and  they  do  not  as  yet  show  any  indication  either  of  symmetrical 
arrangement,  or  of  the  peculiar  form  which  they  are  subsequently 
to  assume.  Within  a quarter  of  an  hour,  however,  the  gonidia  are 
observed  to  settle-down  into  one  plane,  and  to  assume  some  kind 
of  regular  arrangement,  most  commonly  that  seen  at  c,  in  which 
there  is  a single  central  body  surrounded  by  a circle  of  five,  and 
this'again  by  a circle  of  ten  ; they  do  not,  however,  as  yet  adhere 
firmlv  together.  The  gonidia  now  begin  to  develop  themselves 
into  new  cells,  increase  in  size,  and  come  into  closer  approximation 
(d)  ; and  the  edge  of  each,  especially  in  the  marginal  row,  presen^ 
a notch,  which  foreshadows  the  production  of  its  characteristic 
‘ horns.’  Within  about  four  or  five  hours  after  the  escape  of  the 
gonidia,  the  cluster  has  come  to  assume  much  more  of  the  distinc- 
tive aspect  of  the  species,  the  marginal  cells  having  grown-out  into 
horns  (e)  ; still,  however,  they  are  not  very  closely  connected  with 
each  other ; and  between  the  cells  of  the  inner  row  considerable 
spaces  vet  intervene.  It  is  in  the  course  of  the  second  day  that 
the  cells  become  closely  applied  to  each  other,  and  that  the  growth 
of  the  horns  is  completed,  so  as  to  constitute  a perfect  disk  like  that 
seen  at  f,  in  which,  however,  the  arrangement  of  the  interior  cells 
does  not  follow  the  typical  plan.*  ' 

271.  The  varieties  which  present  themselves,  indeed,  both  as  1 
to  the  number  of  cells  in  each  cluster,  and  the  plan  on  which  i. 
they  are  disposed,  are  such  as  to  baffle  all  attempts  to  base  spe-  J 
cific  distinctions  on  such  grounds;  and  the  more  attentively  the  p 
life-history  of  any  one  of  these  plants  is  studied,  the  more  evident  p 
does  it  appear  that  many  reputed  ‘ species’  have  no  real  existence.  ^ 
Some  of  these,  indeed,  are  nothing  else  than  mere  transitory  ^ 
forms;  thus  it  can  scarcely  be  doubted  that  the  specimen  repre- 
sented  in  Fig.  162,  d,  under  the  name  of  Pediastrum  pertimim. 
is  in  reality  nothing  else  than  a young  frond  of  P.  gramdatuin,  y 
in  the  stage  represented  in  Fig.  161,  e,  but  consisting  of  32  ceU&  fp 
On  the  other  hand,  in  Fig.  162,  e,  we  see  an  emptied  frond  of  P h 
granulatum,  exhibiting  the  peculiar  surface-marking  from  which  tbc  if 
name  of  the  species  is  derived,  but  composed  of  no  more  than  eigh  f 
cells.  And  instances  every  now  and  then  occur  in  which  the  tronfl)' 
consists  of  only  four  cells,  each  of  them  presenting  the  two-hornc(If,i 
shape.  So,  again,  in  Fig.  162  b and  c,  are  shown  two  varieties  opp. 
Pediastrum  biradiatum,  whose  frond  is  normally  composed  of  ^1XJ  V- 
teen  cells  ; whilst  at  A is  figured  a form  which  is  designated  as  J j 

Arim,but  which  may  be  strongly  suspected  to  be  merely  a four-ceik 
variety  of  B and  c.  Many  similar  cases  might  be  cited  ; andu  ^ 
Author  would  strongly  urge  those  Microscopists  who  have  u Jr 
requisite  time  and  opportunities,  to  apply  themselves  to  the  aeu  j.', 

» See  Prof.  Braun  on  “'J'ho  Phenomenon  of  Eeiiiveuescenco  hi  Natun' 
published  by  the  Bay  Society  in  1853 ; and  his  subsequent  Memoir,  • -u?'  ■ , 
Uniccllularum  Genera  nova  aut  minus  coguita,”  1855.  | 
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iniiiation  of  the  real  species  o?  these  groups,  hj  studying  the 
entire  hfe-history  ot  whatever  forms  may  happen  to  lie  vuthin  their 

Fig.  162. 


Viirious  species  (.5)  of  I^iastrum.—A,  P.  tetras ; n,  c,  P.  bimdiatiim  • 
u,  P.  pei-tusufin  ; e,  empty  frond  of  P.  rjrannlatum. 

varieties  which  present  themselves  amono- 

of  binary  subdivision  amono-st  vast 
^titudes  of  so-cal  ed  individuals.  Thus  it  happens  that^S  Mr! 

I V/.,'’-  lemaiLed,  “one  pool  may  abound  with  individuals  of 
r rvpd or  Artlirodestmis  incus,  having  the  mucro 
.rved  outwards ; in  a neighbouring  pool,  every  specimen  mav 

■ nsp^of  tbl^R  inwards  ; and  in  another  it  may  be  straight.  The 
Lnsp.  of  the  similarity  in  each  pool  no  doubt  is,  that  all  its  nlantR 

W^V^r  Hence^he  uJiversaCof 

^ y paiticular  ^aracter,  in  all  the  specimens  of  one  gathering  is 

Enrvar?o?v  l ^^  ^ speaking,  but  repetitions  of  the 

\y  in  fbpf^  process  of  simple  multiplication,  really  represent- 

nglo  sS.“  »'■  tl>at  gXfrom 

tl's  Uesmidiacoaj,  are  simvU  cells 

within  which  is  IndndVd  ar'  ent: 
f flioiv  « *■  psrlicial  layer  constitutes  a ‘ primordial  utrirln  •’ 

“h  'ore^The ros^dirt^^^f  'V. tl'e  p“oi 

cs  risn  +n  fP  distinctive  characters  of  the  sroup  and 

has  been  tbn  surface-markings  of  its  members  277) 

tinct  W mineral  firms  : 

layei  exuded  from  the  exterior  of  the  cellulose-wall;  but 
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there  seem 9 good  reason  for  regarding  that  wallas  itself  interpenc- 
trated  by  the  silox,  since  a membrane  bearing  the  characteiistic 
snrface-markings  is  found  to  remain  after  its  removal  by_  hydro- 
fluoric acid.  The  ‘ endochrorae  ’ of  Diatoms  consists,  as  in  other 
plants,  of  a viscid  protoplasm,  in  which  float  the  granules  of  colour- 
ino-  matter.  In  the  ordinary  condition  of  the  cell,  these  gnmuies 
are  diffused  through  it  with  tolerable  uniformity,  except  in  the 
central  spot,  which  is  occupied  by  a nucleus ; round  this  nucleus 
they  commonly  form  a ring,  from  which  radiating  lines  of  granules 
may  he  seen  to  diverge  into  the  cell-cavity.  Instead  of  being 
bright  o-reeii,  however,  the  endochrome  is  of  a yellowish  brown,  ihe 
principal  colouring  substance  appears  to  be  a modification  of 
ordinary  chlorophyll ; it  takes  a green  or  greenish-blue  tint  with 
sulphuric  acid,  and  often  assumes  this  hue  in  drying ; but  wnh 
it  is  combined  in  greater  or  less  proportion  a yellow  colouring 
matter  termed  i)hycoxantldn,  which  is  very  unstable  in  the 
light,  and  fades  in  drying.*  At  certain  times,  oil-globules  are 
observable  in  the  protoplasm ; these  seem  to  represent  the 
starch-granules  of  the  Desmidiacem  (§  261)  and  the  oil-glo- 
bules  of  other  Protophytes  (§  229).  A distinct  movement  of 
the  granular  particles  of  the  endochrome,  closely  resemWing  the 
cyclosis  of  the  Desmidiacem  (§  262),  has  been  noticed  by  Prof.  vV. 
Smitht  in  some  of  the  larger  species  of  Diatomacese,  such  as 
Btmrella  hiseriata,  Nitzscliia  scalaris,  and  Campyloihscus  sinraUs; 
and  by  Prof.  Max  SchultzeJ  in  Goscinocliscus,  Denticelia,  and 
EUzosolenia ; but  this  movement  has  not  the  regularity  so  le- 

markable  in  the  preceding  group.  t 

273.  The  Diatomacece  seem  to  have  received  their  name  from  the 
readiness  with  which  those  forms  that  grow  in  coherent  »)^sses 
(which  were  those  with  which  Naturalists  first  became  J 

may  be  cut  or  hrolcen-througli ; hence  they  have  been  also  de.  g 
nated  by  the  vernacular  term  ‘ brittle-worts.’  Of  this  we  l^^ve  an 
examplJin  the  common  Diatoma  (Fig.  173),  whose  component  cell^ 
(which  in  this  tribe  are  usually  designated  as  fmstides)  ^ ‘ 

times  found  adherent  side  by  side  (as  at  h)  so  as  to  form  filament, 
but  are  more  commonly  met-with  in  a state  of 
remaining  connected  at  their  angles  only  (usually  the  aUeina^ 

* A fall  accouut  by  M.  Tetit  of  recent  Chemical  ^“f  Spearoscop^^  inves  i- 
2;atious  on  the  oudoehrome  of  Diatoms,  will  be  found  m Jouru. 

Microsc.  Soc.,”  Vol.  iii.  (188U),  p.  G80.  based  on  the  valuable 

t The  accouut  of  the  Di^omacece  ^i^en,  is  clneflj  ® ^ 

“ Synopsis  of  the  British  DiatomactUE,  by  Me  ^ the  \^thor  has  beeu 

■blip  new  Monograph  of  the  group  by  Prof.  Hamilton  F 

aVt„.Somlns,”»'ill  .loubUo,. 

i “ Quart.  Journ.  of  Mierosc.  beieuce,  ^ ol.  i n.  (i^o-'),  P-  • 
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angles  of  tlie  contiguous  frustules)  so  as  to  form  a zigzao-  cliain 

foplma  (fig  m),  in  Istkmm  (Fig.  181),  and  in  many  other 
Diatoms;  m huldalpUa  (Fig.  167)  there  ereii  seems  to  be  a special 

the  Diatoms,  however, 

hnh-!  if  ^ pyodiiced  by  successive  acts  of  binary  subdivision 

wC  facl7f, , ''T°?  ® V Pf  • ■*  “ 

^_en  each  hustnle  is  a short  cylinder,  an  aggreo-ation  of  such 

(Fias'^m^'^/S?  tilamentras  in  dfeZosim 

■ lu  1 wliatever  may  be  the  form  of  the  sides  of 

> wintrSnppd^^^^®  other,  a strair/Jd  filament 

be^r^  H (Fig.  185).  But  if;  instead  of 

e n„  pa  allel,  the  sides  be  somewhat  inclined  towards  each  other 
:a  cnrced  band  will  be  the  result ; this  may  not  continue  enth-rbnt’ 
may  so  divide  itself  as  to  form  fan-shaped  expansions,  as  those  of 
• (Pig.  172) ; or  thl  cohesion  may  be  sXfent 

aris  mirth,.  '-ound  a c“ 

-^e)OTTtn,r^,  1 ar’  “??  complete  circle,  but  a spiral  of 

-hCveral  turns,  as  m Meridion  circtdare  (Fig.  170)  Alauv  Di-itoTn=: 

,-igam,  possess  a sUpes,  or  stalk-like  appendage,  by  which  aatreS!-’ 

' ifTood  “d  “tWs‘“‘“‘'r  *“  ?‘r-  P*-®  . »>“>  ^tone^TlSs 
' Icwt  appendage,  as  in 

tnictore  SR  In  Pf  1^’  P^*^y  a composite  plant-like 

-.nd  G»».pio«ma  (Fig,  188), 

this  stifles,  t il  KU'qmtf 

nairrs^f^ru™  °*  ooat  n'neonsoSted  rX 

iw^t  the  P“  a large  proportion  of  the  group 

^ ? p7oiT7 liE*''" -W.it  irr Sr 

a£AS" 

'ig.  176),  Surirdil^m^^^  (Flate  xi.),  Gampylodiscits 

pfihiiP/E  m ^ T. Goscmodisms  (Fig.  191  «,  ,a 

m 't^'b  ® »'  Semvoed's””®  ’ 

•uctnre  of  the  srida^d'crTr  TT  *'’*  -‘'ions 

• f".»ta,e..  and  the  prtrro?  S lmf!S  a^'S  iXSif 
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fn  +lip  frrouo  • not  merely  on  account  of  the  elahorately-inarked 
nattem  which  it  often  exhibits  (Fig.  277), but  also  through  the  perpe- 
timtion  ^the  minutest  details  of  that  pattern  in  the  spc^^mens 
Sned  from  fossilized  deposits  {Kg. 
two  valves  or  plates,  usually  ol  tlie 

mries  widely  lu  globXt'“ometimes  it  is  a 

StS  and  the  ’-das  « 

triangular  (Fig.  18*).  ^“y  be  fSulshed 

iomplately  wrth  the  aspect  under  which  it  is^seen  _In  dl  instacj. 

bel‘ath1he1yrM.'' Although  ft  ™l«s  meet  ab”S  ,ft“ 

;ree?by‘KftVvS  tp^lS 

soon  as  they  begin  to  undeigo  cell-membrane 

from  one  another;  and  by  ft®  .g  “ ®b  „f  which  is 

ScSbrreVoK-4a^^^^ 

X ttnte  Xlr::«p  n 

ofSi^tell* ceu  incmasea 

* This 

Soc.,”  N.S.  V'ol.  viih,  ISGO,  p.  ixu);  it"' 

bave  attracted  the  notice  of  piatonusts.  until  in  18-  / ^ (,1).  The: 

a uioro  e-splicit  inauuer  (“  Moutlily  Microsc.  J •.  Amienaxii 

correctness  of  liis  statement  has  been  * been  called  in  question  by 

Dicomist,  Prof.  W.  Hymillos  SmitU ; biU  ^r'oTit  iWs,  ,u  1»),  *• 

Mr.  J.  D.  Cox  (“  American  Jouiual  of  attached  to  the  two  v.Mves 

asserts  that  in  /sf/imfa  there  are  ('‘"f  ^Xlriii  e oV  iuii^  Antl.or  h.is 

and  the  third  overlapping  them  both  at  thi  n ] j f spodmens  of 

Ssolf  m»de  » vory  ccmlal  »' 

Mhmia  and  niMufplm,  the  result  f 
correctness  of  T>v.  M'allich’s  original  desuiption. 
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in  length,  separating  the  valves  from  one  another,  both  boons 
increase  in  breadth  by  additions  to  their  free  edges  ; and  the  outer 
hoop  slides  oiif  the  inner  one,  until  there  is  often  but  a very  small 
overlap.  As  growth  and  self-division  are  continually  going  on 
when  the  fpstules  are  in  a healthy  vigorous  condition,  it  is  rare  to 

^ f valves  are  not  in  some  degree  sepa- 
rate^ by  the  interposition  ol  the  hoops.  ^ 

-75.  The  impermeability  of  the  silicified  casing  renders  neces- 
sary some  special  aperture,  through  which  the  surrounding^  water 
ma>  come  into  relation  with  the  contents  of  the  cell.  Suc^  aper- 
tures are  found  along  the  whole  line  of  suture  in  disk-like  frustules- 
but  when  the  Diatom  is  of  an  elongated  form,  they  are  found  at  the 
the  frustules  only.  They  do  not  appear  to  be  abso- 
lute  peitorations  in  the  envelope,  but  are  merely  points  at  which 

IS  wanting;  and  these  are  usually  indi- 
■ iJ  depressions  of  its  surface.  In  some  Diatoms,  as 

bimrella  (Fig.  17o)  and  Gamjoylodiscus  (Fig.  176),  these  inter- 
ruptions are  connected  with  what  were  thought,  by  Prof.  W.  Smith 
to  be  minute  ca-nals  hollowed  out  between  the  silicified  casing  and 
nrp  investing  the  endochrome  ; but  the  apparent  canals 

internal  ribs  or  projections  of  the  shell,  showing  its 
Aaracteristic  beaded  structure  under  sufficiently  good  objectives 
in  many  genera  the  surface  of  each  valve  is  distinguished  by  the 

defioir+  on  which  the  usual  marking^  are 

into  small  expansions  at  the  extre- 
the  ^ntre  also,  as  we  see  in  Pleurosiqma 
In  Goiap/mnema  (Fig.  186) ; but  this  band  is  merffiy  a 

the  sihcified  casing  is  thicker  than  it  is  elsewhere, 

i?n?!=  eI-  firmness  to  the  valve,  its  expan- 

. ons  being  solid  nodules  of  the  same  substance. — These  nodules 

Ptof.  Ehrenberg  for  apertures;  and  in  thl  e^ror 
he  has  been  followed  by  Kutzing.  There  cannot  any  lonaer  how- 
® a doubt  as  to  their  real  nature.  ° 

probablJ  delicate  and  regular  markings  with  which 

probablj  every  Diatomaceous  valve  is  beset,  has  been  of  late  years 

wktfthera  Microscopists ; but  on  certain 

points  tnere  is  now  a general  convergence  of  opinion  —There  can 

coV^LSItio”^  f *''■=  °t  tl.e  oompamtlvety 

S the  larger  forms,  such  asisf/mfa  (Fia-.  163) 

f W f f BiddulpUa  (Fig.  167) ; in  all  of  which 

X a^T^tVorA  under  a^  iow  magn^fy^^^^ 

a nn^ni  ^ f ordinary  light.  In  each  of  these  instances  we  see 

^exag^nal’  disposed  arcnZoi.  rounded!  o."l,  m- 

mimfstakabW^i  intervening  boundaries  ; and  these  have  now  been 

anXw  Shti  “n  '^Vbrrr; ■“  interspaces  of 
when  vfowP^l  l5  ° reticulation  presents  itself  in  clear 

the  depres-sion  of  nrly  with  a sufficiently  high  power;  and 

uopression  of  its  interspaces  becomes  manifest  wlmn  an  edge- 
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I)  lew  is  obtained  of  a curved  surface,  such  as  that  of  a valve  oi 
— Both  the  depressed  areola)  and  the  intervening  network 

r lo.  ig:;. 
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y- oS  Oooooa  ooooo  oj 
Portiua  of  valve  of  Istlmia  nervosa,  bigldy  maguified,  as  usually  seen 
of  Diatoms  presenting  this  f 

sufficient  magnifying  power,  show  the  /Tri'a- Ififil  • and  this  is 

istically  displayed  in  P/cu.ro.si^mu  ang^datmi(Fig  166) , and  tins  is 


riG.  iG4. 


Trlceratunnfarns:— A,  sule  yk‘\v;  ii,  frout  view 

also  well  seen  in  some  species  of  Actinocyclus  and  Gosciaodiscm 

and  in  the  beautiful  Heliopelfa  (Plate  i.  Fig.  ORMl^and  of 

of  Mr.  Steiihenson  on  Coscmod'iscus  oculus  Indis  (§  },  an 

...  ^ m ^ I*... A/~1  I 


hriahtCMie  elovauons;  wiieii  uiu  j'-i  ••  V-T„w„  Uv  tlio  fact  that 

whin  It  is  diminished.  This,  however,  is  readily  valve : 

the  refractive  power  of  the  Balsam  is  greater  than  that  of  „ea  in 

so  that  the  predomiiiaiit  effect  will  bo  ^Scliffi  in  Quart.  .Touni. 

the  medium  by  the  ^ 

of  Microsc.  Science,”  Vol.  iii.,  A.S.,  18G.1,  p.  Idl.j 
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BEADED  ASPECT  OF  DIATOM- VALVES.  :jyi 

Mr.  Shadbolt  on  Aracjmoidiscm  (S  291).  leave  no  dnnlrf  tl,.,* 
those  Diatoms  the  silicifled  valve  is  composed  of  two  layers  • and 
the  same  is  probably  the  case  in  all  those  forms  which  m-es’eu  “a 
smfaee-areolation  Appearances  are  seen,  too,  in  other  Diatoms 
wbch  seem  to  indicate  that  in  them  also  the  v^lve  consists  of  “o’ 

on  this  view  of  tlieir  nature,  it  is  on  the  dimensioi  I 
ot  their  component  spherules,  and  on  the  mode  in  which  tLv  are 
disposed,  that  those  peculiar  markings  of  certain  Diatom-valves  do 

pend.which  renderthem  of  special  value  as  Test-obiects  (S16D  Simh 
valveshavebeencommonly  spokenof  as  marked  bv  lonti  udinat 

rr^tfe  roatxr:i‘i'b  ““  i.u/trirtS“Tot 

resVvable  \ markings  (the  apparent  lines  beino- 

resolvable  by  Objectives  of  sufficient  maguifyinff  power  and  ano-nW 

aperture  mto  rm.s  of  dots),  and  should  only^be%^2d  L the  sake^^^^ 

powei,  having  an  angular  aperture  of  190°  m-  w ' i 
lying  power  ffi-]  900rlmlk+f  * ^ magni- 

y^,  g pov  01  1,200  diameters,  an  appearance  like  that  represented 

the  llL' “0>^  the  Structure  of  the  Valve  of 

P.  214;  also  Ealfs,  Oix  c?t  A'd  vi  (1863J, 

viii.  (18C0),  p.  27.  ^ ’’  ’ ^ p.  214 ; and  Eylands,  Op.  cit.,  Vol. 

' Science,’’ Vol^f^l^lgVsi^i!^^^  subject  in  ‘-Quart.  Joum.  of  Microsc 

high  refractive  S"  amrllf  s^k. ^ossess- 
pearances  presented  Ijy  the  different  various  optical  ap- 

fiupposition  that  their  structure  is  reconciled  with  the 

"'hh  a certain  measure  of  success  toTh*^^  ^ s*ame  — Eecourse  has  been 

hy  the  ckpositof  silex  from  its  lluoride^-^  Diatoms 

hibit  a ‘beaded’  structure,  often  arrane-cd  formed,  which  ex- 

Memoir  of  Prof.  Max  ScI.ultJn  ni  ♦ ? , • regular  patterns.  See  tlie 

■7-S..  Vol.  iil.  (msl,  ‘Sf  J°«™- of  Microsc  Ici'  t- 

Journ.,”  Vol.  iv.  (187Vp.  iki;  ^ ^ “Monthly  Microsm 
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ill  Fis.  166,  a)  may  be  obtained,  namely,  a hexagonal 

which  the  areoliB  can  be  made  to  appear  light,  and  the  dmdin^ 


Fio.  1C5. 


Outline,  of  rieurosifjma  qwclralnm,  as  seen  under  a power  of  400 

totg“  42^^^^  fooM,  »d  11,0  portion  kfl  bl.uk  Sbowus  the  obluo,»- 
tion  of  the  markings  by  moisture.  _ . c 

network  dark,  or  vice  versa,  according  to  the  ° /,y^! 

focus  (Fig.  115).  That  the  areolm  are  here  elevations,  and  ( . 
Ihose  of  Wktum)  is  M.cated 

S fmotares  pass  through  ae.appymt  depro^^^ 
with  various  optical  indications  in  establishing  then  reality. 

( red  vXes  of  P.  «»,uWam  a, id  allied  spec.es  shou  ttot  the 
weakest  Ps  are  lellen  the  head-rows ; and 
often  be  seen  terminating  a sharp  had  their 

SoteWroiZ"^^"^^^ 
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application  of  a gentle  beat,  in  a way  that  is  readily  explicable  on  the 
supposition  that  the  markings  are  elevations,  but  seems  unintelli- 
gibleonthe  idea  of  their  being  depressions.* — Notwithstanding  these 
considerations,  however,  it  must  be  freely  admitted  that  there*ls  still 
considerable  uncertainty  respecting  the  real  structure  of  the  Diatom- 


° POf  essiouof  the  Eoyal  Microscopical  Society 
).oxaJi,ns  arcolation;  areolae  bright  circles,  surrounded  by  dai 

^-lHpt?c!alThT'&^^  graduating  from  circular  i 

appearance  of  con tin^ousVerLcMlineatio°rf  ‘'®'''“^  '^ 

^-kborders  coaloscin 

■larkliues°®iue'lioSonh?Km  areolation,  with  three  series  c 

mln^wSl/tivTs'?^^^  positively  asserted  that  the  focal  adjust 
.1  T ■ ? represented  in  Mg.  166,  a,  is  ior 

b'.e  Mr.  I,.  1 r,ml  m » Q„„,.  jiicrosc.  Sci.”  Vol.  iii.  (ISoS),  p.  17.| 


Fig.  1G6. 
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correct  tlian  that  which  gives  the  equally  distiuct  images  u,  c,  ii  of 
other  parts  of  the  same  valve,  of  which  the  last  departs  in  the 
most  marked  manner  from  what  is  commonly  regarded  as  the 
normal  type.  And  now  that  it  has  been  shown  that  these  images 
are  not  formed  dioptrically,  hut  are  resultants  of  the  combination 
of  numerous  ‘diffraction-spectra’  (§  157),  it  is  impossible  to  entertain 
the  same  confidence  as  before  that  they  truly  pciitre  the  surface 
marking  they  are  supposed  to  represent.— By_  Mr.  Stephenimn,  who 
has  made  a special  studv  of  the  effects  of  the  immersion  of  Diatom- 
valves  in  very  highly-refracting  media,  it  is  beheved  that  the  light 
spaces  relllyheprcsint  apeitm-es  (§  289).  The  question  must  be 
regarded,  therefore,  as  still  an  open  one.  . , , 

278  Multiplication  by  Binary  subdivision  takes  place  among  the 
rnatomaceoi  on  the  same  general  plan  as  in  the  Desmidiacem,  but 

■With  some  modiiicatiotLS 
incident  to  the  peculia- 
rities of  the  structure 
of  the  former  group. — 
The  first  stage  consists 
in  the  elongation  of 
the  cell,  and  the  forma- 
tion of  a ‘hoop’  adhe- 
rent to  each  end-valve 
(§  274),  so  that  the  two 
valves  are  separated  by 
a band,  which  progres- 
sively increases  in 
breadth  by  addition  to 
the  free  edges  of  the 
hoops,  as  is  well  seen  in 
Fig.  167  A.  In  the  newly 
formed  cell  e,  the-  two 
valves  are  in  immediate 
apposition;  in  d,  a band 
intervenes ; in  o-,  this 
band  has  become  much 
wider  ; and  in  5,  the  in- 
crease has  gone-on  until 
the  original  form  of  the 
cell  is  completely  chang- 
ed. At  the  same  time, 
the  endochrome  sepa- 
rates into  two  halves; 
the  nucleus  also  subdi- 
vides in  the  manner  for- 


niddulphia  pulcheUa  :-A,  ebam  of  cells  m dif 
forent  states;  «,  full  size;  6,  elongation  piep^ 
vatory  to  subdivision ; c,  formation  of  two  new 
cells ; d,  e,  young  cells  ;--n,  end-view ; c,  .side- 
view  of  a cell  more  highly  magnified.  ^ 

merly  cbo.vu  (Plate  vli...  fig.  1.  o.  ; 
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is  formed  as  sliown  at  Fig.  167,  a,  c,  just  as  a new  ccllulose-wall  is 
generated  in  tlie  subdivision  of  other  cells  ; and  this  valve  is  usiially 
the  exact  counteijart  of  the  one  to  which  it  is  opposed,  and  Ws 
with  ifc  a complete  cell  so  that  the  original  frustulc  is  -eplaced  by 
two  frustiiles,  each  of  which  has  one  old  and  one  new  valve,  test  2 
(§  264).  Generally  speaking,  the  new  valves  are  a 
httle  smaller  t^nthm  so  that  after  repeated  sub- 

divisions  (as  in  chains  of  Isthmia),  a diminution  of  diameter 
■ sometimes  the  new  valves  are  a' little  laro-er 

than  their  predecessors  ; so  that,  in  the  filamentous  species  there 

fiSent''nlDf'®T  occasion  a gradual  widLing  of  the 

tncal  progression,  whilst  that  rf  2e 

always  clear  what  becomes  of  the  ‘ hoop.’  In  Melonrk  (Fiof  T7-* 
:,tee  rise  to  an  appearance  of  two 

developed  within  the  original  (Fio-.  167  » A \ having  been 
-ver.the  two  new  frustules  site  ont  of  4 te’  «'^bsequently,  how- 
•omes  completely  detached  tL  which  then  be- 

ther  Diatod^  tilt  th?^^^  T^Ttotl 

1 the  settlings  of  water ^4X10^  ^ 

rowing.  But  in  some  othei  cases  alfc  1^^^° 
bat  it  may  be  questioned  whether  U E 5 

ed,  and  4ethl-  it  does  ever  hoen  properly  silici- 

•elatinous  envelope.— Durino-  the  health vTf 
rocess  of  self-dteision  is  eontXniT  i Diatom,  the 

lipid  multiphcation  of  frustules  thim  tXf  plTc?'all’or'\ 

lippea  that  myriaTs  oFlrSc  " 1°™',  V™co  it  may 

iiformly  distinguished  bv  some  -i^an  locality, 

:g;  which  may  yeUiaveLdX^^^^^^^^ 

llection  of  frustules  found  in  origin  as  another 

:stinguished  by  some  peculiaritv  and  alike 

ason  to  believe  that  such  difFm-en  o ^®r  there  is  strong- 

ny  of  any  true  generative  act  (§  229)’^-  S^that 
ay  IS  dispersed  by  currents  mte  ^ i 

ntinue  to  multiply  its  own  sneeiU  + ^ ^ each  will 

f-division  goes  on.  ^ long  as  the  process  of 

e h’-eatenyuirof'^ted?^  multiply  by 

eration  of  these,  either  in  the^  a?®  mto  segments,  and  by  the 
the  state  of  ‘ still’  or  ‘ resting’  spoils of  ‘zoospores,’  or 

g ®Poies.  Certain  observations  by 
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Focke  * liowever,  taken  in  coimection  with  the  analogy  of  other 

Protophytee,  and  with  the  fact  that  the  zygospore-frustules  alniost 
certainly  thus  multiply  by  gonidia  (§  280),  seem  to  justify  the 
conclusion  that  suCh  a method  of  multiplication  does  obtain  n 
this  group.  And  it  is  not  at  all  unlikely  that  very  considerable 
diffei^nces  in  the  size,  form,  and  makings  of  the  irustules  such 
as  many  consider  sufficient  to  establish  a diversity  of  species.  have 
their  origin  in  this  mode  of  propagation.  It  ®ceins  probabl^^ 
lonc^  as  the  vegetating  processes  are  in  full  activit>%  multiphcatiou 
takes  place  in  preference  by  self- division ; and  that  it  is  ^i 
deficiency  of  warmth,  of  moisture,  or  of  some  other  conMm  , 
.^ives  a,  check  to  these,  that  the  formation  of  encysted  go^uba, 
having  a greater  power  of  resisting  unfavourable  if  ^s,  will 
take-place;  whereby  the  species  maintained  in  a dormant ^ 
until  the  external  conditions  favour  a renewal  of  active  ve^etat  o 

^^28o!^  Conjugation,  so  far  as  is  at  present  known,  takes  place  among 


Fig.  108. 


b.p,  »id«  audfro„t 

after  tho  formation  of  the  zygospores. 

the  ordhmry  Dlatomacea,  almost 

acern;  except  that  it  sometimes  results  in  the  proaucuon 
’ * “ Pliysiologisch.  Studien,"  Heft  ii.,  1853. 
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theSrof  fwl'f  Of  “M-  Thus  in  Snrirdla  (Fi,.  175) 

Jtrii  tie  suto  and  th^  f &om  eacj.’ 

in  their  primordial  ntriclsfare  disoWed^^^^^^  (probably  included 

resembling  that  of  its  nar^  bnl  nf  in  ' into  a frustule 

rht?t?f  fe:  I- - dt 

endpShrome;  and  thS  ir^ygfp“ 

parent-friistul?s,butgiwtoavervm,iMiT  of  the 

masses  haring  obvioSsly  a powe?  of  LlfdfSA™\ra\?tT“F 
when  their  envelopes  are  consolidated.  It  SS  to  e t tb ' ““ 

that  the  normal  size  i^?  rp^rnrov-miii  nr4.  j.i  De  in  this  way 

wliich  is  incident  to  repeaW  bi^!  ««  progressive  diminution 
the  subsequent  histor7o? the « 278).  Of 

irs"  hTh^-l’it  ‘at5ri^?  ft  /~“cS 

for  a a'disfncfcfsl! 

.( augment  considerably  in  size  before  tl^ev  obta^fh’ 

fthe  parent  frustule —It  is  in  fbii^  «+n  ^ dimensions  of 

’ modifying  influence  of  extevTipl  a ®^to0.ofthe  process  that  the 

■efi-ects';  and  TZl  be  easflrcoSeTtb  i^s 

and  Animals)  this  irfluencJ^  m bigher  Plants 

among  the  respective  individuals ^of  the  sT  ^^^^ous  diversities 

mties,  as  we  hive  seen,  wfll  b^ti  ansmPtpd^S^ 

;each  that  are  produced  bv  tbp  r repetitions  of 

• considerable  latitiide  is  to  be  allS^'^iT  ^ery 

t-he  different  formTof 

many  other  cases,  a most  imnortanf  n ^PP^^o.d’  ^-nd  here,  as  in 

^.those  limits-a  question  whtoh  can^inlv  he 
;;aretul  study  of  the  entire  lifp°to<f+y!i  F ^ ^^S'^ered  by  such  a 
advantageously  occupy  the  attentioif  of  f'® 

s at  present  devoting  himself  to  the  rpqnf^^  ^ ^dicroscopist  who 
-n  Diatom-valves,  and  to  thf  m?dttoPA  markings 

he  detection  of  minuto  diffSe^s^f  bf 

0l  i!i  die  Detennina- 

1 a «ni  P-  ; •'^  Memoir  by  Prof  iv  r:  Microsc.  Science,-’ 

.c  c aractcr  „t  JX„,o„„^,  p,  of  Microbe"  sSv%odMl“ 
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281.  Thia  formation  of  wliat  are  teniied  ‘auxospores’ — as  serving 
to  augment  tlie  size  of  the  cells  which  are  to  give  oi*igin  to  a new 
generation — takes  ])lace  on  a veiy  different  plan  in  some  of  those 
Hlamentous  types,  such  as  Melomra  (Figs.  177,  178),  in  which  a 

Fig.  ICO. 


Sclf-Ooujugatioii  (?)  of  Melonira  IlnUca  {Aulacoscira  creiialato, 

3'hwaites)  :~1,  shnplo  fil.ameut ; 2,  filament  developing  .auxo- 
spores ; a,  b,  c,  successive  stages  in  tlie  formation  of  auxospores  ; 3, 
auxospore-frustules,  in  successive  stages,  a,  b,  c,  of  multiplication. 

strange  inequality  presents  itself  in  the  diameters  of  the  different  i 
cells  of  the  same  filaments,  the  larger  ones  being  usually  in  various  ' 
stages  of  binary  subdivision,  by  which  they  multiply  themselves 
longitudinally.  According  to  the  observations  of  Mr.  Thwaites 
{loc.  cit),  these  also  arc  the  products  of  a kind  of  conjugation  , 

between  the  adjacent  cells  of  the  ordinary  diameter  ; taking  place  i 

before  the  completion  of  their  separation.  He  describes  the  en- 
dochrome  of  particular  frastules,  after  separating  as  if  for  the  j 
formation  of  a pair  of  new  cells,  as  moving  back  from  the  extremities  [ 
towards  the  centre,  rapidly  increasing  in  quantity,  and  aggregating  > 
into  a zygospore  (Fig.  169,  2,  a,  I,  c) : around  this  a new  envelope 
is  developed,  which  may  or  nray  not  resemble  that  of  the  ordinaiy  i 
fnistules,  but  which  remains  in  contimiity_  with  them  ; and  this  , 
zygospore  soon  undergoes  binary  sub-division  (3,  ci,  l>,  c),  tlie  cells  ; 
of  the  new  series  thus  developed  presenting  the  character  of  those  .' 
of  the  original  filament  (1),  but  greatly  exceeding  them  in  size. , 
From  what  has  been  already  stated  (§  278),  it  seems  probable  that  j 
a gradual  reversion  to  the  smaller  form  takes  place  in  subsequpt 
subdivisions  ; a further  reduction  being  checked  by  a new  foniiation  ( 
of  zygospores.  Whether  this  formation  partakes  of  the  character  | 
of  ‘ conjugation’  (as  supposed  by  Mr.  Thwaites)  is  still  doubtful ; j 

Vol.  iii.  (18oo),  p.  10;  .and  the  Antlior’.s  rresideutial  Address  in  (be  s.aniei, 
volume,  pp.  44-50. 


.MOVEMENTS  OF  DIATOJIS. 


some  later  observers  regarding  ‘ auxosiDores’  as  simply  enlarged 
forms  of  single  cells. 

282.  Most  of  the  Diatoms  which  are  not  fixed  by  a stipes,  possess 
some  power  of  spontaneous  movement ; and  this  is  esj)ecially  seen 
in  those  whose  frustules  are  of  a long  narrow  form,  such  as  that  of 
; the  Navicuhe  generally.  The  motion  is  of  a peculiar  kind,  being 
I usually  a series  of  .ierks,  which  carry  forward  the  frustule  in  the 
j direction  of  its  length,  and  then  carry  it  back  through  nearly  the 
j-.  .same  path.  Sometimes,  however,  the  motion  is  smooth  and 
equable;  and  this  is  especially  the  case  with  the  curious  Bacillaria 
liamdoxa  (Fig.  171),  whose  frustules  slide  over  each  other  in  one 
direction  until  they  are  all  biit  detached,  and  then  slide  as  far  in 
■ .the  opposite  dii*ection,  repeating  this  alternate  movement  at  very 
regular  intervals.*  In  either  case  the  motion  is  obviously  quite  of 
a different  nature  from  that  of  beings  possessed  of  a power  of  self- 
. direction.  “An  obstacle  in  the  path,”  says  Prof.  W.  Smith,  “is 
not  avoided,  but  pushed-aside ; or,  if  it  be  sufEcient  to  avert  the 
'Onward  course  of  the  frustule,  the  latter  is  detained  for  a time  equal 
to  that  which  it  would  have  occupied  in  its  forward  progression, 
kind  then  retires  from  the  impediment  as  if  it  had  accomplished  its 
■;;ull  course.”  The  character  of  the  movement  is  obviously  similar 
^ n that  of  those  motile  forms  of  Protophyta  which  have  been  alread  v 
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is  separated  from  its  stipes)  is  a hardly  perceptible  advance  in 
intermitted  jerks  in  the  direction  of  the  narrow  end.” 

283.  The  principles  upon  which  this  interesting  group  should  be 
classified,  cannot  be  properly  determined,  until  the  history  of  the 
Generative  process— of  which  nothing  whatever  is  yet  known  in  a 
large  proportion  of  Diatoms,  and  very  little  in  any  of  them — shall 
have  been  thoroughly  followed-out.  The  observations  of  Docke*'- 
render  it  highly  probable  that  many  of  the  forms  at  present  con- 
sidered as  distinct  from  each  other,  would  prove  to  be  but  different 
states  of  the  same,  if  their  whole  history  were  ascertained.  On  the 
other  hand,  it  is  by  no  means  impossible  that  some  which  appear 
to  be  nearly  related  in  the  structure  of  their  frustules  and  in  their 
mode  of  growth,  may  prove  to  have  quite  different  modes  of  repro- 
duction. ' At  present,  therefore,  any  elassifi cation  must  be  merely 
provisional ; and  in  the  notice  now  to  be  taken  of  some  of  the  most 
interesting  forms  of  the  Diatoviacece,  the  method  of  Prof.  Kiitzing, 
which  is  based  upon  the  characters  of  the  individual  frustules,  is 
followed  in  preference  to  that  of  Prof.  W.  Smith,  which  was  founded 
on  the  degree  of  connection  remaining  between  the  several  frustules 
after  self-division  .f— In  each  Family  the  frustules  may  exist  under 
four  conditions  , («)  free,  the  self-division  being  entire,  so  that  the 
frustules  separate  as  soon  as  the  process  has  been  completed;  (b) 
stipitate,  the  frustules  being  implanted  upo7i  a common  stem 
(Pig.  172),  which  keeps  them  in  mutual  connection  after  they  have 
themselves  undergone  a complete  self-division  ; (c)  united  in  a fila- 
ment, which  will  be  continuous  (Pig-  177)  if  the  cohesion  extend 
to  the  entire  surfaces  of  the  sides  of  the  frustules,  but  may  be  a 
mere  zigzag  chain  (Fig.  173)  if  the  cohesion  be  limited  to  their 
angles  ;°(d)  aggregated  into  a frond  (Pig.  188),  which  consists  of 
numerous  frustules  more  or  less  regularly  enclosed  in  a gelatinous 
investment.  It  is  not  in  every  family,  however,  that  these  four 
conditions  are  at  present  known  to  exist ; but  they  have  been 
noticed  in  so  many,  that  they  may  be  fairly  presumed  to  be  capable 
of  occurring  in  all. — Excluding  the  family  Adiiiisceoi  (of  whose 
silicified  skeletons  we  have  examples  in  Fig.  191,  c,  d),  which  seem 
to  have  no  adequate  title  to  rank  among  Diatoms  (their  true  alli- 
ance being  apparently  with  the  Folycystina),  the  entire  group  may 
be  divided  into  two  principal  Sections ; one  (B)  containing  those 

* According  to  this  observer  (“  Ann.  of  Nat.  Hist.,”  2nd  Ser.,  A ol.  xv.,  185a, 
1).  237)  Navicula  hifrons  fonns,  by  the  spontaneous  fission  of  its  internal  sub- 
stance, spbei'ical  bodies  which,  like  gemmules,  give  rise  to  Stirirella  microconi. 
These  by  conjugation  produce  N.  splemlida,  which  g.ve.s  rise  to  i\.  b{t'rons  by  tlio 
same  process.  Ho  is  only  able  to  speak  positively,  however,  as  to  the  pro- 
duction of  N.  bifrovs  from  A.  njilemlida ; that  of  Sin-irella  microcora  from  K.  bi/rmui, 
and  that  of  N.  splenclida  from  Surirelta  microcora^  being  matters  of  inference 
from  the  Tihcnomcna  witnessed  by  him.  _ 

t The  method  of  Kiitzing  is  the  one  followed,  with  some  modific.ation,  'V 
:ilr.  Kalfs  in  his  revision  of  the  group  for  the  4th  Edition  of  rntchard  s 
••infusoria:”  and  to  his  systematic  arrangement  the  Author  would  refer  such 
jis  desire  more  detailed  information. 
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forms  in  wliicli  the  valves  possess  a true  centi-al  nodule  and  median 
longitudinal  line  (as  Pleurosigma,  Fig.  165,  and  Gomplionema, 
Fig.  186,  a)  ; and  the  other  (A)  including  all  those  in  which  the 
! valves  are  destitute  of  a central  nodule  (as  Sicrirella,  Fig.  17  5,  A). 

I Among  the  latter,  however,  we  find  some  (5)  in  which  there  is  an 
; umbilicus  or  pseudo-nodule  with  radiating  lines  or  celhrles,  whilst 
, . there  are  others  (a)  which  have  no  central  marking  whatever. 

284.  Commencing  with  the  last-named  division  (A),  the  first 
Family  is  that  of  Eunotiece,  of  which  v/e  have  already  seen  a cha- 
: racteristic  example  in  Epithemia  turgida  (Fig.  168).  The  essential 
; I characters  of  this  family  consist  in  the  more  or  less  lunate  form  of 
I |:the  frustules  in  the  lateral  view  (Fig.  168,  b),  and  in  the  strim 
i ■ being  continuous  across  the  valves  without  any  interruption  by  a 
r I ' longitudinal  line.  In  the  genus  Eunotia  the  frustules  are  free; 

I in  Epitheviia  they  are  very  commonly  adherent  by  the  flat  or 
!■  concave  surface  of  the  connecting  zone  ; and  in  lEmantidhim  they 
I are  usually  united  into  ribbon-like  filaments. — In  the  Famih^ 
JEendietB  we  find  a similar  union  of  the  transversely-striated  indi- 
!.  vidual  frustules ; but  these  are  narrower  at  one  end  than  at  the 
1 other,  so  as  to  have  a cuneate  or  wedge-like  form  ; and  ai’« 
j,  r regularly  disposed  with  their  corresponding  exti'emities  always 
I pointing  in  the  same  direction,  so  that  the  filament  is  curved 
•instead  of  straight,  as  in  the  beautiful  Meridion  circulare  (Fig.  170). 
-Although  this  plant,  when  gathered  and  placed  under  the  micro- 
f scope,  presents  the  appearance  of  circles  overlying  one  another. 

Fig.  170. 
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country;  but  tliere  is  none  in  wRicli  it  presents  itself  such 
rich  luxuriance  as  in  the  mountain-brooks 

United  States,  the  bottoms  of  which,  according  to_  Prof . Baile> , 

“ are  literally  covered  in  the  first  warm  days  of  spring  with  a fer- 
rucrinous-coloured  mucous  matter,  about  a quarter  of  an  inch  thick, 
which  on  examination  by  the  microscope,  proves  to  be  filled  with 
millions  and  millions  of  these  exquisitely -beautiful  siliceous  bodies. 
Sl^lTs^merged  stone,  twig,  and  spear  of 

Fig.  1'2.  jdume-like  appearance 

of  a filamentous  body 
covered  in  this  way  is 
often  veiy  elegant." 
The  frustules  of  Meri- 
clion  are  attaiched when 
young  to  a gelatinous 
cushion ; but  this  dis- 
appears with  the  ad- 
vance of  age. — In  the 
Family  Licrnoj)lioreo! 
also  the  frustules  are 
wedge-shaped;  in  some 
genera  they  have  trans- 
verse markings,  whilst 
in  others  these  are  de- 
ficient; but  in  most 
instances  there  are  to 
be  observed  two  longi- 
tudinal suture  - like 
lines  on  each,  valve 
(which  have  received 
the  special  designation 
of  vittce)  connecting 
the  puncta  at  their  two 
extremities.  The  new- 
Liemophora  flabdlata.  iy -formed  part  of  the 

a few  frustules  seems  occasionally  to  f^ke  p , . 

the  other,  before  the  elonga,tion  of  the 

plant  presents  us  with  a more  or  ess  A . ^ ‘u^pfe  or  single 
upon  the  summit  of  the  branches,  lenf^th  of  the 

frustules  irreo-ularly  scattered  throughout  the  entiie 

beXutiful  plant  is  marine,  and  is  parasitic  upon 

.Seaweeds  and  Zoophytes.  Wmaillanoa?  the  frustules  are 

285.  In  the  next  Family,  that  of  into  a fila- 

of  the  same  breadth  at  each  end,  so  that,  if  the>  unite 
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Fig.  171. 


meat,  they  form  a straight  band.  In  some  genera  they  are  smooth, 
iti  others  transversely  striated,  with  a central  nodule  ; when  stria) 
are  present,  they  run  across  the  valves  without  interruption. — To 
this  family  belongs  the  genus  Diaioma,  which  gives  its  name  to 
the  entire  group  ; that  name  (which  means  cutting  through)  being- 
suggested  by  the  curious  habit  of  the  genus,  in  which  the  frustules 
, after  self-division  separate  from  each  other  along  their  lines  of 
junction,  but  remain  connected  at  their  angles,  so  as  to  form  zig- 
•/ag  chains  (Fig.  173).  The  valves  of  Diaioma,  when  turned  side- 
ways (fl),  are  seen  to  be  strongly  marked  b}' transverse  stria?,  which 
e.vtend  into  the  front 
view.  The  proportion 
between  the  length 
and  the  breadth  of 
each  valve  is  found  to 
vary  so  considerably, 
that,  if  the  extreme 
forms  only  were  com- 
pared, there  would 
■seem  adequate  ground 
■ for  regarding  them  as 
belonging  to  different 
species.  The  geuns 
Inhabits  fresh  water, 

■preferring  gently-run- 
. I ling  streams,  in  which 
it  is  sometimes  very 
abundant. — The  genus 
FraijiUaria  is  neai'ly 
dlied  to  Diatoma,  the 
iifference  between 
;liera  consisting  chiefly 
■u  the  mode  of  adhesion 
»f  the  frustnles,  which 


Tig.  1/3 — JJuiluiiia  vulf/m-e; — a,  side  view  of 

■ong  straight  filaments  " undergoing  self-division. 

■vithnarallel  sides  - the  f serpentina;— a,  front 
viLu  parallel  smes.  the  and  side  views  of  single  fiustule-  b b front  and 

laments,  however,  as  end  views  of  divided  frustule;  <•,  tastiilo  Ibout 

■ Jie  name  ot  the  genus  ‘9  .undergo  self-division ; ij,  frustule  completely 

niphes,  very  readily  “*'^ded. 

component  frustules,  often  separating  at  the 
species  are  very  common  in  pools  and 
mches.—J  his  family  is  connected  with  the  next  by  the  genus 
-w.sc/im,  which  13  a somewhat  aberrant  form  distinguished  by  the 
°^\P™“i«cnt  keel  on  each  valve,  dividing  it  into  two 
Ws  while  the  entire  valve  is  some- 

IV«t  nK-  *"1^  V.  which  is  sometimes  used  as  a 

he  suitable  for  that  purpose  on  account  of 

he  extreme  variability  of  its  striation.  -Nearly  allied  to  this  is 
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the  genus  Bacillaria,  so  named  from  the  elongated  stall -like  for ni 
of  its  frustules  ; its  valves  have  a longitudinal  punctated  keel,  and 
their  transverse  striae  are  interrupted  in  the  mediam  line,  ine 
principal  species  of  this  genus  is  the  B.  imr^oxa,  wmose  remark- 
able li^ovement  has  been  already  described  (§  282).  Owing  to  this 
displacement  of  the  frustules,  its  filaments  seldom  present  them- 
selves with  straight  parallel  sides,  but  nearlyalways  m forms  more 
or  less  oblique,  such  as  those  represented  in  Fig.  171.  This  cunous 
obiect  is  an  inhabitant  of  salt  or  of  brackish  water.  Many  of  the 
species  formerly  ranked  under  this  genus  are  now  referred  to  the 
o-'enus  Biatoma.  The  Genera  Nitzschia  and  BacxUarui  are  nov 
Lsociated  by  Mr.  Rails,*  with  some  other  genera  which  agree  with 
them  in  the  bacillar  or  staff-hke  form  of  the  frustules  and  la  tM 
presence  of  a longitudinal  keel,  in  the  Sub-family ^2izsc/imce,  which 
ranks  as  a section  of  the  S’urirellecB.— Another  Sub-family,  Srjv^- 
drecB,  consists  of  the  genus  Synedra  and  its  allies,  in  which  the 
bacillar  form  is  retained  (Fig.  192,  1),  but  the  keel  is  wantmg,  and 
the  valves  are  but  little  broader  than  the  front  of  the  frustule. 

286  In  the  Surirellece  proper,  the  frustules  are  no  longer  bacula  , 
and  the  breadth  of  the  valves  is  usually  (though  not  always)  greater 

Fig.  175. 


genus 

.9 


Sarirella  consMcia  side  view  ; n,  front  view; 
c,  binary  subdivision. 

+bnn  the  front  view.  The  distinctive  character  of  the  „ 
Surirella,  in  addition  to  the  prespee  of  the  ^ of 

(S  275),  is  derived  from  the  longitudinal  hue  down  the  ^ 

each  valve  (a),  and  the  prolongation  of  the  margins 
naciUarUi  in  the  family  Surirdlra. 
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tlie  grGatev  pavt  of  tliGui  ave  iuliabitants  of  fi'ssli  or  brackisli  water, 
thoagli  some  few  are  marine  ; and  several  occur  in  those  Infusorial 
earths  which  seem  to  have  been  deposited  at  the  bottoms  of  lakes, 
such  as  that  of  the  Mourue  mountains  in  Ireland  (Fig.  192,  l>,  c,  h). 
; In  the  genus  Gampylodisciis  (Fig.  176)  the  valves  are  so  greatly 
increased  in  breadth  as  to  present  almost  the  form  of  disks  (a),  and 
at  the  same  time  have  more  or  less  of  a peculiar  twist  or  saddle- 
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(- umjjijlodisc us 'costatus : — A,  front  viewj  n,  side  view. 

•shaped  curvature  (b).  It  is  in  this  genus  that  the  supposed  ‘ cana- 
liculi  are  most  developed,  and  it  is  consequently  here  that  they  may 
e est  studied;  and  of  their  being  here  really  costce  or  internally 
reasonable  doubt  can  remain  after  examination 
)0t  tHem  under  the  Binocular  microscope,  especially  with  the  ‘ black- 
;?round  _ illamination.  The  form  of  the  valves  in  most  of  the 
ijspecies  IS  circular  or  nearly  so ; some  are  nearly  flat,  whilst  in 
) ittiers  the  twist  is  greater  than  in  the  species  here  represented. 
-t)ome  ot  the  species  are  marine,  whilst  others  occur  in  fresh 
|va  er,  ^eiy  beautiful  form,  the  G.  cli/petis,  exists  in  such  abun- 
I lance  in  the  Infusorial  stratum  discovered  by  Prof.  Ehrenberg  at 

- s neai  jzer  in  Bohemia,  that  the  earth  seems  almost  entirely 
composed  of  it. 

Ufffrn*  Siriatdlece,  forms  a very  distinct  group, 

heconnl^f’^  fro ni  every  other  by  having  longitudinal  costm  on 
Tiv portions  of  the  frustules  ; these  cost®  being  formed 
nowevpt^'lp?Tp7’^°^^'^“  of  annular  siliceous  plates  (which  do  not, 
>avitv  nf  so  as  to  form  septa  dividing  the 

nstaJc^H  imperfectly-separated  chambers.  In  some 

if  such  nr  *1^  ^1^^-  of  self-division,  and  on  each  repetition 

n other  definite  in  number;  whilst 

iroduc+inn  nf  formation  of  the  septa  is  continued  after  the 
•imes  befnrp  +V,  ^ and  is  repeated  an  uncertain  number  of 

e lecurrence  of  a new  valve-production,  so  that  the 
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arnmli  are  indefinite  in  number.  In  tlie  curious  Graravuifophora 
iserpentina  (Fig.  174)  the  septa  have  several  undulations  and 
incurved  ends,  so  as  to  form  serpentine  curves,  the  number  ot 
which  seems  to  vary  with  the  length  of  the  frustule.  i he  lateral 
surfaces  of  the  valves  in  Gravimatoidiora  are  very  hnely  striated  : 
and  some  species,  as  G.  suhtilissima  and  G.  viarina  are  nsed  as 
Test-ohiects  (S  161).  The  frustules  in  most  of  the  genera  ot  tins 
family  separate  into  zigzag  chains,  as  in  Diatoma ; but  in  a lew 
instances  they  cohere  into  a filament,  and  still  moi^  rarely  the) 
are  furnished  with  a stipes.-The  small  Family  is 

separated  by  Mr.  Ralfs  from  the  Stnatelle®, 
iieWly  allied  in  general  characters,  because  its  septa  (which  in  the 
latter  are  longitudinal  and  divide  the  central  portions  mto 
chambers)  are  transverse  and  are  confined  to  the  lateral  portions 
of  the  frustules,  which  appear  in  the  front  view  m in  Bidduipliteoi 
292)  The  typical  form  of  this  family  is  the  Terpsinoemnsica, 
S named  from  the  resemblance  which  the  markings  of  its  costie 

bear  to  musical  notes.  . i i i 

288  We  next  come  to  two  Families  in  which  the  lateral  surfaces 

of  the  frustules  are  circuZar ; so  that,  according  to  ^ 

convexity  of  the  valves  and  the  breadth  ot  the  intervening  hooped 
band,  till  frustules  may  have  the  form  either  of 
cylinders,  bi-convex  lenses,  oblate  sphermds,  or  even  ot  spheres. 
Lookincr  at  the  structure  of  the  individual  frustules,  the  hue 
of  demarcation  between  these  two  families,  Melosireai  and  Cos- 
cinodiscece,  is  by  no  means  distinct ; the  principal 
them  being  that  the  valves  of  the  latter  are  commonly  jejlalated 
whilst  those  of  the  former  are  smooth.  Another  inip 
difference,  however,  lies  in  this,  that  the  frustules  of  the  Coscin<>- 
dhceoi  are  always  free,  whilst  those  of  the  Melosirem 
coherent  into  filanients,  which  often  so  strongly  ^e^^ble  these  of 
the  simple  Gonfervacece  as  to  be  readily  distinguishable  ^ 

effect  of  heat.  Of  these  last  the  most  important 
(Fms.  177,  178).  Some  of  its  species  are  marine,  others  f 
wafer;  on^  of  4e  latter,  the  M.  ochracea,  seems  Jo  grow  best  m 
boggy  pools  containing  a ferruginous  impregnation , and 
stS  by  Prof.  Ehrenberg  to  take  up  from  the 
corporate  with  its  own  substance,  a considerable 
The  filaments  of  Melosiravery  commonly  fall  apart  at  the  s i t 
touch  ; and  in  the  Infusorial  earths, in  which  some  specie^ 
the  frustules  are  always  found  detached  (Fig._  19- , ‘ ^ 

meanmg  of  the  remavkahle  difference  m the  s^es  and  onn^ 
frustules  of  the  same  filament^s  (Figs.  1^/’  often 

fully  ascertained  (§  281).  The  sides 

marked  with  radiating  stna3  (Figs.  f friiltiiles 

they  have  toothed  or  serrated  margins,  by  whicli 

locY together  T’o  this  family  belongs  the  genus  nyalod.san. 
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eiig'iue-tHrned  back  of  a watcli,  with  lines  of  exceeding  delicac}'', 
only  visible  by  the  highest  magnifying  powers  and  the  most  care- 


Fig.  177.  Tig.  178. 


'-89.  The  family  Goscinodiscem  includes  a large  proportion  of 
: tlie  most  beautiful  of  those  discoidal  Diatoms,  of  which  the  valves 
Uo  not  present  any  considerable  convexity,  and  are  connected  by 
a narrow  zone.  The  genus  Gosdnodiscus,  which  is  easily  distin- 
■ of  the  genera  of  this  family  by  not  haVino-  its 

disk  divided  into  compartments,  is  of  great  interest  from  the  vast 
abundance  of  its  valves  in  certain  fossil  deposits  fPio-.  IQI  a.  n 
especially  the  Infusorial  earth  of  Ptichmond  in  7 iro-inia  of  Ber- 
lin Gluano.  Eacli  frustulels  of  discoidal 

■ nape,  being  composed  of  two  delicately  undulating  valves  united 

-f  t*-'  remain  in"adhesTom  tW 

form  a filament  resembling  that  of  Melosira  (Fig.  178) 
Ihe  icgnlarity  ot  the  hexagonal  areolation  shown  by  its  valves 

'c*  a?  Zan't?®"'  “ some  Vecies  S 

towaS,  ^ ^ gradually  increase  in  size 

:nmin  r ^ uniform  size ; while  in  others, 

fi'om  the  different 

l>itant«i  nf  h 1 species  are  either  marine,  or  are  inha- 

r'nnd  commonly 

n-l  adherent  to  Sea-weeds  or  Zoophytes ; but  when  dead,  the 
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valves  fall  as  a sediment  to  tlie  bottom  of  the  watei-.  _ In  both 
these  conditions,  they  were  found  by  Prof  J.  Quehett  m connec- 
tion with  Zoophytes  which  had  been  brought  home  from  Melville 
Island  by  Si?  E.  Parry;  and  the  species  seemed  to  be  identical 
with  thoL  of  the  Eichmond  earth.— The  investigations  of 
T W Stephenson,*  on  Coscmochscus  oculus  Iruhs  show  that 
the  peculia?  “ eye-like”  appearance  in  the  centre  of  each  of  its 
wSmial  areolm  arises  from  the  iuteimiinglmg^  of  the  markmp 
of  two  distinct  layers,  differing  considerably 
markings  of  the  lower  layer  being  ]3artially  seen  through  fnose  oi 
Se  upifer  By  fracturing  these  Diatoms,  Mr.  Stephenson  has  suc- 
eeeded  in  separating  portions  of  the  two  layers,  so  that  each  could 
Te  eSmhied^Sy-  He  has  also  mounted  them  in  bisulphide  o 
carbon  the  refractive  power  of  which  is  very  high  ; and  also  in  a 

onhiGnu  of  phosphorus  in  bisulphide  of  carbon,  which  has  a still 
Wh^refLct^^^^^  H we  suppose  a Diatom  to  be  marked  with 

^ //o'iii'cttsi'ous  thev  would  act  as  concave  lenses  in  an,  which 
SCrefL*^  own  silex;  but  when  such  lenses  are 

immersed  in  bisulphide  of  carbon, 

they  would  be  converted  into  convex  lenses  of  the  ® ‘ 

+ • JoiiViQ+'rncp  and  have  their  action  in  air  reversed.  _ Analogous 

are  “a  kc?  teta  to  Cosmwdisous  oouUb  IridU. 

^'J^Steienaon  (infidls  lotrfayers  to  be  composed  of  bexagoBs. 
represeilted  in  Fig.  179,  from  drawings  by  Mr.  Stewart.  Tbeuppu 


Fig.  179 


Structure  of  siliceous  valve  of  Coschiodiscits  oculus  Iridis:  1.  He:^oOi..  1 

aJeolaof  inner  or  ‘ eye-spot’  layer;  2.  Areola  of  outer  lajei. 


; 

, r*-: 


lever  is  mneh  stronger  and  thiclier  tbantbeloweyone;  and  tlie|v 


^ a 


Montlily  Micro.scopical  .Tournal,’’  1 ol.  x.  (18<3),  p.  1. 
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them,  api^ear  thickened  and  more  refractive.  In  both  layers  the 
balance  of  observations  tends  to  the  belief  that  the  hexagons  have 
no  doors,  and  are  in  fact  perforated  by  foramina  like  those  of  minute 
Polycystiua.  The  cells  formed  by  the  hexagons  of  the  upper  layer 
are  of  considerable  depth ; those  of  the  lower  layer  are  shallower. 
In  both  layers,  fractured  edges  show  the  hexagon-frames  to  be  the 
strongest  parts ; and  in  neither  has  Mr.  Stej)heuson  been  able  to 
detect  any  broken  remnants  of  floors,  which  might  be  expected  to 
be  visible  with  high  powers  if  they  existed  at  all.— If  further 
observations  should  confirm  Mr.  Stephenson’s  belief  that  Coscino- 
disd  are  perforated  by  numerous  foramina,  a similar  structure  will 
be  sought-for  in  other  Diatoms,  and  the  views  of  naturalists  as  to 
the  character  of  - the  group  may  be  materially  modified.  At  present 
the  chief  difference  in  minute  structure  that  has  been  recognised, 
may  be  seen  by  comparing  the  apparently  simple  beadTng  of 
Pleurosigma  with  the  hexagonal  formations  in  Goscinodisms,  &c.  ; 
but  a far  more  important  divergence  will  have  to  be  considered,  if 
some  Diatom-valves  have  a multiplicity  of  foramina,  and  others 
either  none,  or  only  a few  at  certain  spots.  It  is  very  desirable 
that  living  forms  of  Gosdnodisci  should  be  carefully  examined ; 
since,  if  they  really  have  foramina,  some  minute  organs  may  be 
protruded  through  them. 

_ 290.  The  genus  Adinocyclus*  closely  resembles  the  precedino- 
in  form,  but  differs  in  the  markings  of  its  valvular  disks,  which 
are  minutely  and  densely  punctated  or  cellulated,  and  are  divided 
radially  by  single  or  double  dotted  lines,  which,  however,  are  not 
contmuous  but  interrupted  (Plate  i..  Fig.  1).  The  disks  are  gene- 
rally iridescent;  and,  when  mounted  in  balsam,  they  present 
various  shades  of  brown,  green,  blue,  purple,  and  red:  blue  or 
purple,  however,  being  the  most  I'requent.  An  immense  number 
ot  species  have  been  erected  by  Prof.  Ehrenberg  on  minute  diffe- 
rences  presented  by  the  rays  as  to  number  and  distribution-  but 
«ince  scarcely  two  specimens  can  be  found  in  which  there  is  a 
perfect  identity  as  to  these  particulars,  it  is  evident  that  such 
minute  differences  between  organisms  otherwise  similar  are  not  of 
suHicient  account  to  serve  for  the  separation  of  species.  This  form 
IS  very  common  in  guano  from  Ichaboe.-Allied  to  the  preceding 
. m the  two  genera  Asterolavipra  and  Aster omplicdus,  both  of  which 
aSnfpT  portion  is  minutely 

1.  divided  by  lines  into  radial  compartments 

The  diffW  umbilicus  towards  the  periphery, 

he  difference  between  them  simply  consists  in  this-  that  in 

the  compartments  are  similar  and  equidistant 
and  the  rays  equal  (Plate  Pig.  2);  whilst  in  Astcwmpludus  Zo 

^nchidtd“iu  H^by 
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of  the  compartments  are  closer  together  than  the  rest,  ana  the 
enclosed  hy.aline  ray  (which  is  distinguished  as  the  median  or  basal 
rav)  differs  in  form  from  the  others,  and  is  sometimes  specially 
continuous  with  the  umbilicus  (Plate  i.,  Pig.  4).  The  ecceutricit_v 
thus  produced  in  the  other  rays  has  been  made  the  basis  cd' 
another  generic  designation,  SpcitangidiuTn ; but  it  may  be  doubted 
whether  this  is  founded  on  a valid  distinction.*  These  b(>autiful 
dislcs  are  for  the  most  part  obtainable  from  guano,  and  from 
soundings  in  tropical  and  anta.rctic  seas.  From  these  we  pass  on, 
to  the  genus  A(diiwj)tychus  (Pi_g*  t80),  of  which  also  the  trustules 
are  discoidal  in  form,  but  of  which  each  valre,  instead  of  being  flat, 
has  an  undulating  surface,  as  is  seen  in  front  view  (ii);  giving  to  ^ 
the  side  view  (a)  the  appearance  of  being  marked  by  radiating  ^ 
bands.  Owing  to  this  peculiarity  of  shape,  the  whole  surface  cannot 
be  brought  into  focus  at  once  except  with  a low  power;  and  the 
° difference  of  aspect  which 

the  different  radial  divi- 
sions present  in  Fig.  180. 
is  simply  due  to  the  fact 
that  one  set  i.s  out  of  focus 
whilst  the  other  is  in  it, 
since  the  appearances  are : 
reversed  by  merely  altering  ^ 
the  focal  adjustment.  The  t 
mniiber  of  radial  divisions 
has  been  considered  a cha- 
racter of  sufficient  import- 
ance to  serve  for  the  dis- 
tinction of  species  ; but  this  is  probably  subject  to  variation ; since 
we  not  uiifrequently  meet  with  disks,  of  which  one  has  (say)  8 and 
another  10  such  divisions,  but  which  are  precisely  alike  in  every 
other  particular.  The  valves  of  this  genus  also  are  veiy  abundant 
in  the^  Infusorial  earth  of  Richmond,  Bermuda,  and  Oran  (Fig. 
191  h h,  h) ; and  many  of  the  same  species  have  been  found  recently 
in  guano,  and  in  the  seas  of  various  parts  of  the  woidd.  The  fnis- 
tules  in  their  living  state  appear  to  be  generally  attached  to  bca- 

weeds  ga,rth  also  contains  the  very  beautiful  form 

fPlate  I fi"-.  3),  which,  though  scarcely  separable  from  Actmop- 
•veC  except  its  marginal  spines,  has  received  from  Pro 
Ehreiiberg  the  distinctive  appellation  of  Ilchopelta  (sun-shield|. 
The  object  is  represented  as  seen  on  ita  inteiual  aspect  . 
pLaboiic  Illnmiiiator  (§  105),  which  brings  into 
features  that  can  scarcely  be  seen  by  ordinary 
Five  of  the  radial  divisions  are  seen  to  be  marked-out  ^ * 

Leolse ; but  in  the  five  which  alternate  with  them,  a minute  bcaJc''l 

* Soo  Grcvilloin“Q,narl;.Jouvn.  of  Microsc.  Vob  v 

.nid  iu  “Transact,  of  Microsc.  Soc.,”  Vol.  vm.  Is.S.  (1K>0),  p.  1 mm  ' 
(m2),  p.  if ; also  Wallich  in  tlio  same  Transactions,  ^ ol.  vm.  (1800),  p.  . 
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.tructure  is  observable.  This  may  be  shown  by  careful  adjustment 
,t  the  focus  to  exist  oyer  the  whole  interior  of  the  valve;  even  m, 
he  divisions  in  which  the  circular  areolation  is  here  displayed  - and 

I ‘Sg^’niXth this  marking  belongs  to  the  inf ernallayev* 
^ -B9),  and  that  the  circular  areolation  exists  in  the  outer  layer  of 
.,hc  sihcified  lonca.  In  the  alternating  divisions  whose  surface  is 
.lere  displayed,  the  areolation  of  the  outer  layer,  when  brought  into 
aew  by  focussing  down  to  it,  is  seen  to  be  formed  by  equilatS 
nang  es;  it  is  not,  however,  nearly  so  well  marked  as  the  ciicular 
. a eolation  of  the  first-mentioned  divisions.  The  dark  spots  seen  at 
like  the  dark  centre,  appear  to  be  iolid  tulier- 
les  of  silex  not  traversed  by  markings,  as  in  many  other  Diatoms- 
lost  assuredly  they  are  not  orifices,  as  supposed  by  Prof.  Ehreubero-’ 
this  t}'-pe,  again,  specimens  are  found  presenting  6,  8,  10  or  12* 
iial.dmsions._bnt  in  other  respects  exactly  similar;  on  the  other 
specimens  agreeing  in  their  number  of  divisions  mav 
vhibit  minute  differences  of  other  kinds ; in  fact,  it  is  rare  to  find 

It  seems  probable,  then,  that  we 
•mst  allow  a considerable  latitude  of  variation  in  these  forms  before 

ft  of  them  as  distinct  species.— Another 

.ly  beautiful  discoidal  Diatom,  which  occurs  in  Guano  and  is  also 
>uad  attached  to  Sea-weeds  from  different  parts  of  tb^wti  d 
■ C f 5°  a_  species  einployed  by  the  Japanese  in  inakino-  soup) 

T resemblance 

itr’l  markings  on  its  disk  cause  it  to  be^  fo  a 

iiders  web.  According  to  Mr.  Shadbolt.f  who  first  cSefulK 
‘ its  structure,  each  valve  consists  of  two  layers  - the  outer 

: nitric  add  Dp-"  indestructible  Cboi^ 

' bdVf  +1?  ^ ’ the  inner  one,  siliceous.  It  is  the  former  which  ha? 
+pr  ®pnler’s  web -like  markino-s : whilst  it  is  the 

tiuctness  nf  +1.'  without  such  separation,  however  the 

“f.S 

nly^^t  connected  with  tL'^su^ffedidg^Vy^tL^^^^^^^ 

Jonrn.  of  Mici-osc.  Science,”  Vol.  iii. 
iulatei.1  plate  proiectimr  bevonU  seen,  in  broken  specimens,  tlie  inner 
e altogcylier  separated  from  tiio  onter'^^Mu'^'^  has  found  the  innei- 

: for  p„i„u„g  ro,,rk^o'iXL"t“£eV;i:: 

tSTXI  T--  «i..  P:  «. 


' m 


e valve*:  i.tFr.,  i ' , . r irst  benes,  voI.  iii  , n 49 
NooncS  ‘--vorsfo,, 
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Eupocliscece,  the  members  of  which  agree  with  the 
ill  the  general  character  of  their  discoid  frustules,  and  with  the 
Bidchilphicai  in  having  tubercnlar  processes  on  their  lateral  surfaces 
Jn  the  heantiful  AvJacocliscus  (Plate  i.,  Pig-  o)  fPese  tubercles  die 
situated  near  the  margin,  and  are  connected  wi-^  hands  radiating 
from  the  centre ; the  surface  also  is  frequently  inflated  in  a mannei 
that  reminds  us  of  Actinoptychus.  These  forms  are  for  the  most 

^^^292!^^The  members  of  the  next  Family  BiddulpMece  differ 
in  their  general  form  from  the  preceding ; being  remarkable  for  the 
r.reat  de^velopment  of  the  lateral  valves,  which,  instead  of  tang 
nearly  flat  or  discoidal,  so  as  only  to  present  a thin  edge  P 
view,  are  so  convex  or  inflated  as  always  to  enter  large  > ° ‘ 

front  view,  causing  the  central  zone  to  appear  hke  a band  t>etvree 

them.  This  band  is  very  narrow  when 

produced  by  self-dmsion  (§  278) , but 
it  increases  gradually  in  breadth,  until 
the  new  frustnle  is  fully  formed  and  is 
itself  undergoing  the  same  duplicative 
change.  In  Bidduliiliui  (Iig.  Ib7)  the 
frustules  have  a quadrilateral  form,  and 
remain  coherent  by  their  alternate  angles 
(which  are  elongated  into  toothlike  pro- 
iections),  so  as  to  form  a zigzag  cham. 
They  are  marked  externally  by  ribbing*? 
wliicb  seem  to  be  indicatiye  of  interna 
costce  partially  subdividing  the  cavity. 
Nearly  allied  to  this  is  the  beautol 
genus  Mmia  (Fig.  181),  in  which  the 
frustules  have  a traj>ezoidal_form 
to  the  oblique  prolongation  of  the 
valves ; the  lower  angle  of  each  frustule 
is  coherent  to  the  middle  of  the  next 
one  beneath,  and  from  the  basal  frustule 
proceeds  a stipes  by  which  the  filament 
is  attached.  Like  the  l^^cedmg  tta 
creniis  is  marine,  and  is  found  attached 
to  the  Algce  of  our  own  shores.  Uie  areo- 
lated  structure  of  its  surface  pig-  ) 


is  very  conspicuous  both  in  the  ' 

and  ta  the  connecting  ‘ hoop  ( and  th  s 


Isthmia  nervoset. 


and  in  i-ne  , 

:0:^on!re^.arf7a  time  .onnl  rcVStWslulel  s'o  as  to  give 
1st*  0 pleXgTbnt  in  the  comparative  flattening  of  then 
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valves,  its  menibers  rnoi'e  resemble  the  Goscinodiscece  and  Eupo- 
aiscece.  Or  this  family  we  have  a characteristic  example  in  the 
^eniis  Tricei-atmm;  of  which  striking  form  a considerable  number 
ol  species  are  met  with  in  the  Bermuda  and  other  Infusorial 
earths,  while  others  are  inhabitants  of  the  existing  ocean  and  of 
tidal  rivers.  The  T.  favus  (Fig.  164),  which  is  one  of  the  largest 
fi  I'egularly -marked  of  any  of  these,  occurs  in  the  mud  of 

.he  ihames  and  in  various  other  estuaries  on  our  own  coast ; it 
has  been  found,  also,  on  the  surface  of  large,  sea-shells  from 
various  parts  of  the  world,  such  as  those  of  Hvppopus  and  IlalioUs, 
■before  they  have  been^  cleaned;,  and  it  presents  itself  likewise  in 
the  Infusorial  earth  of  Petersburg  (U.S.).  The  projections  at  the 
.angles  which  are  shown  m that  species,  are  prolonged  in  some 
other  species  into  ‘ horns,  whilst  in  others,  again,  they  are  mere 
tubercular  elevations.  Although^  the  triangular  form  of  the 
'trustnle,  when  looked  at  sideways,  is  that  which  is  characteristic  of 
1 the  genus,  yet  in  some  of  the  species  there  seems  a tendency  to 
•oroduce  quadrangular  and  even  pentagonal  forms ; these  being- 
narked  as  vanehes  by  their  exact  correspondence  in  sculptur^ 
^^^ur,  &c.,  with  the  normal  triangular  forms.*  This  departure  is 
'..xtremely  remarkable,  since  it  breaks  down  what  seems  at  first  to 

3^an^inX?f-^  Til""®  f occurrence 

n of  the  degree  of  latitude  which  we  ought  to  allow 

•nrm<3  difficult,  in  fact,  to  distinguish  the  square 

the  genus  AmpUtd.ras, 
,-nlp7  T by  the  cubiform  shape- of  its  frus- 

u ules.  In  the  atter,  the  fi-nstules  cohere  at  their  angles  so  asbo 

• untw  ’ they  have  occasionally  been  found  catenated.— 

^0  the  BiddulpMece  is  the  chrious 
S TbP  the  Family  Ghc^tocere^, 

■■  reseTcf  Af  S®  ^^ftm®tion  of  this  group  consists  in  the 

‘.eSinfbnL^  f^oq^^ently  proceeding  from  the  con- 

;-ngth'’(Fiff^i8T^°^+b  serrated,  and  often  of  great 

■ ffited  ntffiW^  tbe  interlacing  of  which  the  frustules  are 

^ a the  eeni?^  co^inuity,  however,  is  easily  broken, 

laany  as®  twelv?“ut^^  <Fig.  183)  there  are  sometimes  as 

■ le  swkes  of  a radiating  from  each  fi-ustule  like 

fith^bi’p  vheel,  and  in  some  instances  regularly  bifurcatino- 

‘ ivSal  mlS??  IS  associated  the  genus  BMzosolelia,  ot  which 

le  frustuTe  fwbf^^^  distinguished  by  the  extraordinary  length  of 

thrasnec/ to  20  times  its  breadth),  living 

tat  imparts  to  transverse  annulation 

imparts  to  this  filament  a jointed  appearance,  and  by  the 

iuSt.  jJurn^ of Tricerafium’  in 
>1.  Vi.  (1858),  p iS  a iso\v^  m 1 P'  P-  2'2. 

■t  o«viu.  .. of‘;£krs7o7  ‘ 
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termination  of  the  frustule  at  each  end  in  a cone,  from  the  apex  of 
which  a straight  awn  proceeds.  It  is  not  a little  remarkable  that 
the  greater  number  of  the  examples  of  this  curious  family  are 


Chatoceros  Wighatnii: — a,  front  view,  and  6,  side  view  of  fi'ustnle;  c.  ! 
view  of  connecting  hoop  and  awns ; d,  entire  filament. 

obtained  from  the  stomachs  of  Ascidians,  Salpm,  Holothurim,  an 
other  Marine  animals.* 

294.  The  second  principal  division  (B)  of  the  Diatomaceas  con 
sists,  it  will  be  remembered,  of  those  in  which  the  frustules  have  ? 
median  longitudinal  line  and  a central  nodule.  In  the  first  of  th 
Families  which  it  includes,  that  of  Cocconeidecs,  the  cen 
nodule  is  obscure  or  altogether  wanting  on  one  of  the  valves 
which  is  distinguished  as  the  inferior.  This  family  consists  bnt  o 
a single  eenus  Cocconeis,  which  includes,  however,  a great  numbei 
of  species,  some  or  other  of  them  occurring  in  every  part  of  th^  ’ 
globe.  Their  form  is  usually  that  of  ellipsoidal  disks,  with  surface^ 
more  or  less  exactly  parallel,  plane,  or  slightl}'^  curved ; and  thej* 
are  very  commonly  found  adherent  to  each  other.  The  frus 
tules  in  this  genus  are  frequently  invested  by  a membranon 
envelope  which  forms  a border  to  them  ; but  this  seems  to  belonj 
to  the  immature  state,  subseq,uentljr  disappearing  more  or  les 
completely. — Another  Family  in  which  there  is  a dissimilarity  n 
the  two  lateral  surfaces,  is  that  of  Aclinanthece ; the  frastules  c 
which  are  remarkable  for  the  bend  they  show  in  the  direction  ( 
their  length,  often  more  conspicuously  than  in  the  example  her 


• See  Brightwell  in  “Quart.  Journ.  of  Microsc.  Science,”  Voi.  i^* 
105;  Vol.  vi.  (1858),  p.  93;  Wallich  in  “ Tr.ans.  of  Microsc.  Soc., 


Vol.  vi'ii.  (1860),  p.  48  ; and  West  in  the  same,  p.  151. 
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'resented.  This  family  contains  free,  adherent,  and  stipitate 
ns;  one  ot  the  most  common  of  the  latter  being  the 


. 184. 


Eig.  185. 


Fig.  188. 
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olenia  AcUnunthes  longipes : — a,  b, 
\mtu.  c,  rf,  e,  successive  frustules’ 
in  different  stages  of  self- 
division 


Gomphonemp  c/eniinaUim.:  itsfrus- 
tides  connected  by  a dichotomous 
stipes. 


lifference  between  tL  maSn^  "^^^ 

•re  distinctly  seen  • for  -whilf^b^t?®  upper  and  lower  valves 
^ are  resolvabir^nder  a sTS’  traversed  by  strim, 

as  by  a lon^tudinal  IhirwV  <^ots,  as 

3nd  (M  in  NSicnla),  the  lower  valv^STa?  1*''"  at 

forming  a stavron  nr  crr,Qo  u also  a transverse 

(«)•  A persirw  of  tbe’I  ^^PP^r 

an  additional  connection  membrane,  so  as  to 

served  in  thig  s^enug  T^eUeen  tbe  cells,  may  sometimes 

»«r  the  two  new  frustukrrp "" 

new  trustules  resulting  from  tho  subdivision  of 

A A 4 
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the  lowest  cell,  a,  which  are  not  yet  completely  separated  the  one 
from  the  other,  but  it  may  be  observed  to  invest  the  two  frustules 
7;  and  c,  which  have  not  merely  separated,  but  are  themselves 
beginning  to  undergo  binary  subdivision  ; and  it  may  also  be  per- 
ceived to  invest  the  frustule  cl,  from  which  the  frustule  e,  being  the 
terminal  one,  has  more  completely  freed  itself. — In  the  Family  , 
Cymlellece,  on  the  other  hand,  both  valves  possess  the  longitudinal  i 
line  with  a nodule  in  the  middle  of  its  length ; but  the  valves  have  : 
the  general  form  of  those  of  the  Eunotiece,  and  the  line  is  so  much ; 
nearer  one  margin  than  the  other,  that  the  nodule  is  sometimes  i 
rather  marginal  than  central,  as  we  see  in  Cocconema  (Fig.  192). — ’ 
'The  GomjphonemecG,  like  the  Mericliece  and  Licmophoi'ecB,  havei 
frustules  which  are  cuueate  or  wedge-shaped  in  their  front  viewt 
(Figs.  186, 187),  but  are  distinguished  from  those  forms  by  the| 


Fig.  187. 


Gornphonemageminatum,  more  highly  maguified A,  side  view  of  frustule; 
n,  front  view  ; c,  frustule  iu  the  act  of  self-divisiou. 


presence  of  the  longitudinal  line  and  central  nodule.  Althoue 
there  are  some  free  forms  in  this  family,  the  greater  part  of  then 
included  in  the  genus  Gomphonema,  have  their  frustules  eithe 
affixed  at  their  bases  or  attached  to  a stipes.  This  stipes,  seem 
to  be  formed  by  an  exudation  from  the  frustule,  wffiich  is  secretei 
only  during  the  process  of  self-division  : hence  when  this  proces 
has  been  completed,  the  extension  of  the  single  filament  below  th 
frustule  ceases  ; but  when  it  recommences,  a sort  of  joint  or  art 
culation  is  formed,  from  which  a new  filament  begins  to  sprout  fo 
each  of  the  half-frustules ; and  when  these  separate,  they  carr 
apart  the  peduncles  which  support  them,  as  far  as  their  divergent 
can  take  place.  It  is  in  this  manner  that  the  dichotomor 
character  is  given  to  the  entire  stipes  (Fig.  186).  The  species  ( 
Gomphonema  are,  with  scarcely  an  exception,  inhabitants  of  fres 
water,  and  are  among  the  commonest  forms  of  Diatomacem. 

295'.  Lastly,  we  come  to  the  large  Family  Naviculeo},  the  men 
hers  of  which  are  distinguished  by  the  symmetry  of  their  frustui 
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IS  well  in  tlie  lateral  as  in  tlie  front  view,  and  by  the  jDresence  of 
b median  longitudinal  line  and  central  nodule  in  both  valves.  In 
■he  genus  Navicula  and  its  allies,  the  frustules  are  free  or  simply 
idherent  to  each  other ; whilst  in  another  large  section  they  are 
ncluded  within  a gelatinous  envelope,  or  are  enclosed  in  a definite 
..nbular  or  gelatinous  frond.  Of  the  genus  Navicula  an  immense 
lumber  of  species  have  been  described,  the  grounds  of  separation 
icing  often  extremely  trivial.  Those  which  have  a lateral  sigmoid 
lurvature  (Fig.  165)  have  been  sejiarated  by  Prof.  W.  Smith  under 
he  designation  Fleiirosigma,  which  is  now  generally  adopted  ; but 
lis  separation  of  another  set  of  species  under  the  name  Finnularia 
which  had  been  previously  applied  by  Ehrenberg  to  designate  the 
itriated  species),  on  the  ground  that  its  stria?  (costm)  are  not 
esolvable  into  dots,  was  not  considered  valid  by  Mr.  Ealfs,  on  the 
ground  that  in  many  of  the  more  minute  species  it  is  impossible 
0 distinguish  with  cei-tainty  between  striee  and  costae.  Mr.  Slack 
las  since  given  an  account  of  the  resolution  of  the  so-called  costse 
)f  twelve  species  of  Finmdarice  into  beaded  structures.*  Thebeauti- 
ul  genus  titauroneis,  which  belongs  to  the  same  group,  differs  from 
,11  the  preceding  forms  in  having  the  central  nodule  of  each  valve 
iilated  laterally  into  a band  free  from  strite,  which  forms  a cross 
-dth  the  longitudinal  band. 

296.  The  multitudinous  species  of  the  genus  Navicula  are  for 
he  most  part  inhabitants  of  fresh  water  ; and  they  constitute  a 
irge  part  of  most  of  the  so-called  ‘ infusorial  earths’  w:hich  were 
eposited  at  the  bottoms  of  lakes.  .Among the  most  remarkable  of 
uch  deposits  are  the  substances  largely  used  in  the  arts  for  the 
)ohshing  of  metals,  under  the  names  of  Tripoli  and  rotten-stone ; 

• liese  consist  in  great  part  of  the  frustules  of  Naviculm  and  Pinnu- 
: iriae.  The  Polierschiefer  or  ‘ polishing  slate’  of  Bihn  in  Bohemia, 

* ae  powder  of  which  is  largely  used  in  Germany  for  the  same  pur- 
ose,  and  which  _ also  furnishes  the  fine  sand  used  for  the  most 

: ehcate  castings  in  iron,  occurs  in  a series  of  beds  averaging  four- 
jen  feet  in  thickness  ; and  these  present  appearances  which  indi- 
ate  that  they  have  been  at  some  time  exposed  to  a high  tempera- 
are.  The  well-known  ‘ Turkey  stone,’  so  generally  employed  for  the 
narpemng  of  edge-tools,  seems  to  be  essentially  composed  of  a 
^Sgre^ation  of  frustules  of  FTaviculm,  &c.,  which  has  been 
ensohdated  ny  heat. — The  species  of  Fleurosigma,  on  the  other 
and,  are  for  the  most  part  either  marine  or  are  inhabitants  of 
rackish  water ; and  they  comparatively  seldom  present  themselves 
a a fossilized  state.  Of  Stauroneis,  some  species  inhabit  fresh- 
water, while  others  are  marine ; and  the  former  present  themselves 
aaa  certain  ‘ infusorial  earths.’ 

,p  .1  ■ ^^fhe  members  of  the  Sub-family  Scliizonemeai,  consisting 
f ttioso  NaviculccB  in  which  the  frustules  are  united  by  a gela- 
Bome  are  remarkable  for  the  great  external  resem- 
ce  ney  bear  to  acknowledged  Algae.  This  is  especially  the 
* “Monllily  Microscopical  Journal,”  Vol.  vi,  (1871),  p.  71. 
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case  with  the  genus  SeMzonema ; in  which  the  gelatinous  enve-i 
lope  forms  a regular  tubular  frond,  more  or  less  branched,  andl 


Fig.  188. 


<irh!zonema  GrevilUi:-A,  natural  size;  n,  portion  magnified  five 
diameters  ; c,  filament  magnified  100  diameters  ; n,  single  fms- 

of  nearly  eaual  diameter  throughout,  within  which  the  frustulei 
lie  eithe^  in  single  file  or  without  any  definite  arrangemen 
(Fio-  188)  • all  these  frustules  having  arisen  from  the  self-dmsio 
if  fne  MMual,  In  the  genus  jh.ch  .s 

distinguished  by  having  the  annulus  furnished  with  intern 
cost®  projecting  into  the  cavity  of  the  frustule,  each  fr 
is  separately  supported  on  a gelatinous  cushion  (^ig-  ’ 

which  may  itself  be  either  borne  on  a branching  stipes  (a), 
be  aggregated  with  others  into  an  indefinite  mass  (^Pig.  19  )• 
careful  study  of  these  composite  forms  is  a mattei  of  „ 
SrtanceTsince  it  enables  L to  bring,  into  comparison  wdh  ^ 
other  great  numbers  of  frustules  which  have  o 

common  descent,  and  which  must  therefore  be  ‘Recounted  as  ^ 

the  same  species  ; and  thus  to  u ^ 

variation  jirevailing  in  this  gioup,  ^ strong!] 

specific  definition  is  altogether  unsafe.  Of 
marked  varieties  which  may  occur  within  the  limits  ot  a s » 
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! |r,pecie3,  we  have  an  example  in  the  valves  c,  d,  e,  p (Fig.  189), 
. f »’hich  would  scarcely  have  been  supposed  to  belong  to  the  same 
Fig.  189. 


.. 


Smithii.—A,  entire  stipes;  B,  frustule  in  its 
pelatmous  envelope  ; c— v,  different  forms  of  frustule  as  seen  in  side 
frustule  undergoing  subdivision. 
i!ig.  190.  Mastoffloia  lanceolata. 

The  care- 

. study  ot  these  varieties  in  every  instance  in  which  any  disnosi- 

*0  re^MCB  the  enormous  number 
pecies  with  which  our  systematic  treatises  are  loaded,  is  a pur- 

multiplication  of  species^  by 
^ detection  of  such  minute  differences  as  may  be  presented  bv 

rd?SSf  localities;  su'^3h  dS“en»s, 

3 reLlt  th°p ^ large  proportion  of  cases, 
• fl  “aultiphcation  of  some  one  form,  which  under 

-m  ^he  oriwv^fn^^^Tu  yet  understand,  has  departed 

ia  study  is  carmV?^'  + faithfully  and  comprehensively 

3 moreVes  T department  of  Natural  History, 

tensTve  than  iLT''®  variation  is  far  more 

ely The  the  imagined ; and  this  is  especially 

y e the  case  with  such  humble  organisms  as  those  we  have 
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been  considering,  since  tbey  are  obviously  more  influenced  tban 
those  of  higher  types  by  the  conditions  under  which  they  are  de- 
veloped, whilst,  from  the  very  wide  Geographical  range  through 
which  the  same  forms  are  difiiused,  they  are  subject  to  very  great 
diversities  of  such  conditions. 

298.  The  general  habits  of  this  most  interesting  group  cannot 
be  better  stated  than  in  the  words  of  Prof.  W.  Smith.  “The 
Diatomacese  inhabit  the  sea  or  fresh  water ; but  the  species 
peculiar  to  the  one  are  never  found  in  a living  state  in  any  other 
locality ; though  there  are  some  which  prefer  a medium  of  a mixed 
nature,  and  are  only  to  be  met  with  in  water  more  or  less  brackish. 
The  latter  are  often  found  in  great  abundance  and  variety  in  dis- 
tricts occasionally  subject  to  marine  influences,  such  as  marshes, 
in  the  neighbourhood  of  the  sea,  or  the  deltas  of  rivers,  where,  on 
the  occurrence  of  high  tides,  the  freshness  of  the  water  is  affected 
by  percolation  from  the  adjoining  stream,  or  inore  directly  by  the 
occasional  overflow  of  its  banks.  Other  favourite  habitats  of  the 
DiatomaceEe  are  stones  of  mountain  streams  or  waterfalls,  and 
the  shallow  pools  left  by  the  retiring  tide  at  the  mouths  of  our 
larger  rivers.  They  are  not,  however,  confined  to  the  localities  I 
have  mentioned — they  are,  in  fact,  most  ubiquitous,  and  there  is 
hardly  a roadside-ditch,  water-trough,  or  cistern,  which  will  not 
reward  a search,  and  furnish  specimens  of  the  tribe.  Such  is  their 
abundance  in  some  rivers  and  estuaries,  that  their  multiphcation  is 
affix'med  by  Prof.  Ehrenberg  to  have  exercised  an  important  influ- 
ence in  blocking-up  harbours  and  diniinishingthe  depth  of  channels! 
Of  their  extraordinary  abundance  in  certain  parts  of  the  Ocean, 
the  best  evidence  is  afforded  by  the  observations  of  Sir  J.  D, 
Hooker  upon  the  Diatomacere  of  the  southern  seas ; for  within  tte 
Antarctic  Circle  they  are  rendered  peculiarly  conspicuous  by  be- 
coming enclosed  in  the  newly-formed  ice,  and  by  being  washeu-up 
in  myriads  by  the  sea  on  to  the  ‘ pa.ck  ’ and  ‘ oergs,  everywhere 
staining  the  white  ice  and  snow  of  a pale  ochreous  brown.  ^ A 
deposit  of  mud,  chiefly  consisting  of  the  siliceous  loricae  of  Diato- 
macece,  not  less  than  400  miles  long  and  120  miles  broad,  was  foun 
at  a depth  of  between  200  and  400  feet,  on  the  flanks  of  Victona 
Land  in  70°  South  latitude.  Of  the  thickness  of  this  deposit  no 
conjecture  could  be  formed ; but  that  it  must  be  continua  y m 
creasing  is  evident,  the  silex  of  which  it  is  in  a great  measure 
composed  being  indestructible.  A fact  of  peculiar  interest  in  con 
nection  with  this  deposit,  is  its  extension  over  the  submarine  flauKs 
of  Mount  Erebus,  an  active  Volcano  of  12,400  feet  elevation ; since 
a communication  between  the  ocean-waters  and  the  bowels  ot 
volcano,  such  as  there  are  other  reasons  tor  believing  to  e oc 
sionally  formed,  would  account  for  the  presence  of  lOiatomim^  i 
volcanic  ashes  and  pumice,  which  was  discovered  by  1 rot.  EUren- 
berg.  It  is  remarked  by  Sir  J.  D.  Hooker,  that  the  universal  nresen^ 
of  this  invisible  vegetation  throughout  the  South 
a most  important  feature,  since  there  is  a marked  dcficie  y 
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this  region  of  higher  forins  of  vegetation  ; and  were  it  not  for  them, 
there  would  neither  be  food  for  aquatic  Animals,  nor  (if  it  were 
possible  for  these  to  maintain  themselves  by  prey  in  o-  on  one 
another)  could  the  Ocean-waters  be  purified  of  the  carbonic  acid 
which  animal  respiration  and  decomposition  would  be  continually 
imparting  to  them.  It  is  interesting  to  observe  that  some  species 
of  marine  Diatoms  are  found  through  every  degree  of  latitude 
between  Spitzbergezi  and  Victoria  Land,  whilst  others  seem  limited 
to  particular  regions.  One  of  the  most  singular  instances  of  the 
preservation  of  Diatomaceous  forms,  is  their  existence  in  Guano  ; 
into  which  they  must  have  passed  from  the  intestinal  canals  of 
the  Birds  of  whose  accumulated  excrement  that  substance  is  com- 
posed ; those  birds  having  received  them,  it  is  probable,  from  Shell- 
fish, to  which  these  minute  organisms  serve  as  ordinary  food 
'(§  300). 

299.  The  indestructible  nature  of  the  silicified  casings  of  Dlato- 
/macece^  has  also  served  to  perpetuate  their  presence  in  numerous 
localities  from  which  their  living  forms  have  long  since  disappeared  ; 
foi  the  accumulation  of  sediment  formed  by  their  successive  produc- 
tion and  death,  even  on  the  bed  of  the  Ocean,  or  on  the  bottoms  of 
fresh-water  Lakes,  gives-rise  to  dejDosits  which  may  attain  consi- 
derable thickness,  and  which,  by  subsequent  changes  of  level,  may 
come  to  form  part  of  the  dry  land.  Thus  very  extensive  Sihceous 
strata,  consisting  almost  entirely  of  marine  Diatomacece,  are  found 
^0  alternate,  in  the  _ neighbourhood  of  the  Mediterranean,  with 
■calcareous  strata  chiefly  formed  of  Foraminifera  (Chap,  xii.)  • the 
whole  series  being  the  representative  of  the  Chalk  formation  of 
Northern  Europe,  in  which  the  silex  that  was  probably  deposited  at 
irst  in  this  form  has  undergone  conversion  into  flint,  by  agencies 
lereafter  to  be  considered  (Chaps,  xri.,  xxi.).  Of  the  Diatomaceous 
imposition  of  these  strata  we  have  a characteristic  example  in 
Ir  • mi  represents  the  Fossil  Diatomacem  of  Oran  in 
Algeria.  The  so-called  ‘ infusorial  earth  ’ of  Eichmond  in  Vir- 
;mia,  and  that  of  Bermuda,  also  Marine  deposits,  are  very  celebrated 
imong  Microscopists  for  the  number  and  beauty  of  the  forms  they 
lave  yielded;  the  former  constitutes  a stratum  of  18  feet  in  thick- 
less,  underlying  the  whole  city,  and  extending  over  an  area  whose 

Its  are  not  known  Several  deposits  of  more  limited  extent, 
ma  apparently  of  fresh-water  origin,  have  been  found  in  our  own 
Ms;  as  for  instance  at  Dolgelly  in  North  Wales,  at  South 
fimiSr  192),  and  in  the  island  of  Mull  in  Scotland. 

Sweden  and  Norway  are  known  under  the 
nhabd-iTir^'r^+n^  mountain-flour;  and  in  times  of  scarcity  the 
tanrprwlfl®.^  ^''®  ^-ccustomed  to  mix  these  sub- 

bread.  Thishas  been  supposed 
o of  giving  increased  bulk  to  their  loaves, 

he  berfT-mf.li  1*1,  *^i  ^®^^  J nutritive  portion  more  satisfying ; but  as 
^eisrht^iv  « iound  to  lose  from  a quarter  to  a third  of  its 

y xposure  to  a red-heat,  there  seems  a strong  probability 
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that  it  contains  Organic  matter  enough  to  render  it  nutritious  in 
itself.  When  thus  occurring  in  strata  of  a fossil  or  sub-fossil 

Fig.  191. 


Fossil  Dintovutcece,  &c.,  from  Oran:-^,  o a,  Coscmodiscus ; b,b,b, 
Actinocvlus ; c,  Dictyochya  fibula ; d,  Litbastenscus  radiatus ; Spon- 
golithis^acicularis;/,/,  Grammatophora  parallela  (side  view);  g,  <7, 
Grammatopbora  angulosa  (front  view). 

character,  the  Diatomaceous  deposits  are  generally  distinguishable 
as  white  or  cream-coloured  powders  of  extreme  hneness. 

300.  For  collecting  fresh  Biatomacece,  those  general 
to  he  had  recourse  to  which  have  been  already  descri^bed  (§  )• 

“ Their  living  masses,”  says  Prof.  W.  Smith,  “present  themse  v 
as  cobuS  Mnges  attached  to  larger  plants,  or  forming  a cover- 
lag  to  stones  or  rooks  in  onshion-like  tufts-or  O’f 

surface  as  delicate  velvet— or  depositing  themselves 
stratum  on  the  mud,  or  intermixed  with 

decayed  vegetation  floating  on  the  surface  of  the  a 

Sr  is  usually  a yellowish-brown  of  a greater  or  less  mteu  ^ 
varying  from  a light  chestnut,  in  individual  specimens,  to  a sb 
alm^ost^approaching  black  in  the  aggregated  masses,  ^beir  presen 
m^  often  be  detected  without  the  aid  of  a microscope,  by  the 

absLce,  in  many  species,  of  the  hbrous 

guishes  other  plants  : when  removed  from  their  natural  p 
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they  become  distributed  through  the  water,  and  are  held  in  sus- 
pension by  it,  only  subsiding  after  some  little  time  has  elapsed.” 

Fig.  1!)2. 


Fossil  Biatomacem,  &c.,  from  Mourn  e Mountain,  Ireland : — a,  a,  a, 
Ga^iOnella  (Melosira)  procera,  and  G.  granulata  ; d,  d,  d,  G.  biseriata 
(side  view) ; b,  b,  Surirella  plicata ; c,  S.  craticula ; k,  S.  caledonica ; 
e,  Gomphonema  gracile ; f,  Cocconema  fusidium ; g,  Tabellaria  vul- 
garis ; h,  Pinnularia  dactylus ; i,  P.  nobilis ; I,  Synedra  ulna. 


Notwithstanding  every  care,  the  collected,  specimens  are  liable  to 

• be  mixed  with  much  foreign  matter : this  may  be  partly  got  rid  of 
by  repeated  washings  in  pure  water,  and  by  taking  advantage,  at 
the  same  time,  of  the  different  specific  gravities  of  the  Diatoms  and 
of  the  intermixed  substances,  to  secure  their  separation.  Sand, 
being  the  heaviest,  will  subside  first ; fine  particles  of  mud  on 

• hand,  will  float  after  the  Diatoms  have  subsided.  The 
endency  of  living  Diatoms  to  make  their  way  towards  the  light, 

much  assistance  in  procuring  the  free  forms  in  a 
erably  clean  state ; for  if  the  gathering  which  contains  them  be 
e t undisturbed  for  a sufficient  length  of  time  in  a shallow  vessel 
\ sunlight,  they  may  be  skimmed  from  the  surface, 

anne  forins  must  be  looked-for  upon  Sea-weeds,  and  in  the  fine 
rnu  or  sand  of  soundings  or  dredgings ; they  are  frequently  found 
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also,  in  considerable  numbers,  in  tbe  stomachs  of  Holotburia3, 
Ascidians,  and  Salpm,  in  those  of  the  oyster,  scallop,  whelk,  and 
other  testaceous  Mollnsks,  in  those  of  the  crab  and  lobster,  and 
other  Crustacea,  and  even  in  those  of  the  sole,  turbot,  and  other 
Flat-fish.  In  fact  the  Diatom-collector  will  do  well  to  examine 
the  digestive  cavity  of  any  small  aquatic  animals  that  may  fall 
in  his  way ; rare  and  beautiful  forms  having  been  obtained  from 
the  interior  of  Noctiluca  (Fig.  297).  The  separation  of  the  Diatoms 
from  the  other  contents  of  these  stomachs  must  be  accomplished 
by  the  same  process  as  that  by  which  they  are  obtained  from 
Guano  or  the  calcareous  ‘ infusorial  earths’ ; of  this,  the  following 
are  the  most  essential  particulars  : — ^The  guano  or  earth  is  first  to 
be  washed  several  times  in  pure  water,  which  should  be  well  stirred, 
and  the  sediment  then  allowed  to  subside  for  some  hours  before 
the  water  is  poured  off,  since,  if  it  be  decanted  too  soon,  it  may 
carrv  the  lighter  forms  away  with  it.  Some  kinds  of  earth  have 
so  little  impurity  that  one  washing  suffices ; but  in  any  case  it  is 
to  be  continued  so  long  as  the  water  remains  coloured.  The 
deposit  is  then  to  be  treated,  in  a flask  or  test-tube,  with  Hydro- 
chloric (muriatic)  acid ; and  after  the  first  effervescence  is  over,  a 
gentle  heat  may  he  applied.  As  soon  as  the  action  has  ceased,  and 
time  has  been  given  for  the  sediment  to  subside,  the  acid  should 
be  poured  off,  and  another  portion  added ; and  this  should  be 
repeated  as  often  as  any  effect  is  produced.  When  hydrochloric 
acid  ceases  to  act,  strong  Nitric  acid  should  be  substituted ; and 
after  the  first  effervescence  is  over,  a continued  heat  of  about  200° 
should  be  applied  for  some  hours.  When  sufficient  time  has  been 
given  for  subsidence,  the  acid  may  be  poured  off  and  the  sedinient 
treated  with  another  portion  ; and  this  is  to  be  repeated  until  no 
further  action  takes  place.  The  sediment  is  then  to  be  washed 
until  all  trace  of  the  acid  is  removed ; and,  if  there  have  been  no 
admixture  of  siliceous  sand  in  the  earth  or  guano,  this  sediment 
will  consist  almost  entirely  of  Diatoviacece,  with  the  addition, 
perhaps,  of  Sponge-spicules.  The  separation  of  siliceotis  sand, 
and  the  subdivision  of  the  entire  aggregate  of  Diatoms  into  the 
larger  and  the  finer  kinds,  may  be  accomplished  by  stirring  the 
sediment  in  a tall  jar  of  water,  and  then,  while  it  is  still  in  motion, 
pouring  off  the  supernatant  fluid  as  soon  as  the  coarser  particles 
have  subsided ; this  fluid  should  be  set  aside,  and,  as  soon  as  a 
finer  sediment  has  subsided,  it  should  again  be  poured,  off ; and 
this  process  may  be  repeated  three  or  four  times  at  increa^ng 
intervals,  until  no  further  sediment  subsides  after  the  lapse  of  halt 
an  hour.  The  first  sediment  will  probably  contain  all  the  sandy 
particles,  with,  perhaps,  some  of  the  largest  Diatoms,  which  may 
be  picked  out  from  among  them ; and  the  subsequent  sediments 
will  consist  almost  exclusively  of  Diatoms,  the  sizes  of  which  \ym 
be  so  graduated,  that  the  earliest  sediments  may  be  examined  with 
the  lower  powers,  the  next  with  medium  jiowers,  while  the 
will  require  the  higher  powers — a separation  which  is  attendca 
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witli  grGcit  couveniGucG.^  It  soniGtirn.es  luippens  that  fossilized 
Diatoms  are  so  strongly  united  to  each  other  by  Siliceous  cement, 
as  not  to  he  separable  by  ordinary  methods ; in  this  case,  small 
lumps  of  the  deposit  should  be  boiled  for  a short  time  in  a weak 
AlkaUne  solution,  which  will  act  upon  this  cement  more  readily 
than  on  the  siliceous  frustules  ; and  as  soon  as  they  are  softened 
so  as  to  crumble  to  mud,  this  must  be  immediately  washed  in  a 
large  quantity  of  water,  and  then  treated  in  the  usual  way.  If  a 
veiy  weak  alkahne  solution  does  not  answer  the  purpose,  a 
stronger  one  may  then  be  tried.  This  method,  devised  by  Prof. 
Bailey,  has  been  practised  by  him  with  much  success  in  various 
cases.f 

301.  The  mode  of  mounting  specimens  of  DiatoviacecB  will  de- 
pend upon  the  purpose  which  they_  are  intended  to  serve.  If  they 
can  be  obtained  quite  fresh,  and  if  it  be  desired  that  they  should 
exhibit,  as  closely  as  possible  the  appearance  presented  by  the 
living  plants,  they  should  be  put-up  in  aqueous  media  (§  206)  within 
Cement-cells  (§  211) ; but  if  they  are  not  thus  mounted  within  a 
short  time  after  they  have  been  gathered,  about  a tenth-part  of 
alcohol  should  be  added  to  the  water.  If  it  be  desired  to  exhibit 
the  stipitate  forms  in  their  natural  parasitism  upon  other  aquatic 
plants,  the  entire  mass  may  be  mounted  in  Deane’s  Medium  or  in 
Glycerine  jelly  (§  206  h),  in  a deeper  cell ; and  such  a preparation  is  a 
very  beautiful  object  for  the  back-ground  illumination.  If,  on 
the  other  hand,  the  minute  structure  of  the  siliceous  envelopes  is 
the  feature  to  be  brought  into  view,  the  fresh  Diatoms  must  be 
boiled  in  nitric  or  hydrochloric  acid,  which  must  then  be  poured 
ofl:  (sulhcient  time  being  allowed  for  the  deposit  of  the  residue)  • 
and  the  sediment,  after  being  washed,  should  be  boiled  in  water 

c whereby  the  Diatoms  will  be  cleansed 

horn  the  fiocculent  ma,tter  which  they  often  obstinately  retain. t 
Alter  a further  washing  in  pure  water,  they  are  to  be  either 
mounted  in  Balsam^  in  the  ordinary  manner  (§  210),  or  be  set-up 
dry  on  a very  thin  slide  (§§  165,  169).  In  order  to  obtain 
a satisfactory  view  of  their  markings.  Objectives  of  very  wide 
angular  aperture  are  required,  and  all  the  refinements  which  have 

descrilST^Mr  applying  the  same  principle  is 

aS  n ^8  ‘ Joarn.  of  Microsc.  Science,”  Vol.  iii. 

of  preparing  Diatoms,  see  “ Qnart.  Joorn. 

oi  Jiicrosc.  Science,’  Vol.  vii.  (18o9),p.  167,  and  Vol.  i.  N.S.  (1861)  n 143  • and 
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recently  been  introduced  into  the  methods  of  Illumination  need  to 
be  put  in  practice.  (Chaps,  iii.  iv.) — It  will  often  be  convenient  to 
mount  certain  particular  forms  of  Diatomace^  separately 
the  general  aggregate  ; but  on  account  of  their  minute^ss,  they 
cannot  be  selected  and  removed  by  the  usual  means.  The  larger 
forms,  which  may  be  readily  distinguished  under  a Simple  Micro- 
scope, may  be  taken-up  by  a camel-hair  pencil  which  has  been  so 
trimmed  as  to  leave  two  or  three  hairs  projecting  beyond  the  rest. 
But  the  smaller  can  only  be  dealt  with  by_a  single  fine  bristle  or 
stout  sable-hair,  which  may  be  inserted  into  the  cleft-end  of  a 
slender  wooden  handle ; and  if  the  bristle  or  hair  should  be  split  at 
its  extremity  in  a brush-like  manner,  it  will  be  particularly  nseful 
(Such  split-hairs  may  always  be  found  in  a Sha^ng-brush  which 
has  been  for  some  time  in  use ; those  should  be  selected  which 
have  their  split  portions  so  closely  in  contact,  that  t^y  appear 
single  until  touched  at  their  ends.)  When  the  spht  ex^emity  of 
such  a hair  touches  the  glass  slide,  its  parts  separate  from  e^h 
other  to  an  amount  proportionate  to  the  pressure;  and  on  being 
brought  up  to  the  object,  first  pushed  to  the  edge  of  the  on 
the  slide,  may  generally  be  made  to  seize  it.  A very  experienced 
AmSk  Diatomirt,  Plof.  Hamilton  Smith, 

a thread  of  glass  drawn-out  to  capillary  fineness  and  flexibility,  by 

which  (he  says)  the  most  delicate  Diatom  may  be  safely  taken  up, 

and  deposited  upon  a slide  damped  by  the  sm^' 

tion  and  transference  of  Diatoms  under  the  Compound  M^oi-o^^cope, 
recourse  may  be  had  to  some  of  the  forms  of  mechanical^fi  ^ 
which  have  been  recently  devised  by  American  Diatomists. 

Vol.  iii.  (1880),  p.  700,  of  the  same  Jourual. 
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PROTOPHYTIC  AND  OTHER  PUNGI.— LICJIENS. 

_ 302.  In  the  lowest  forms  of  the  group  of  Fungi,  we  return  to  tho 
simplest  W of  Vegetation-thI  single  cell  ;^anT  sul  W 

“ Protol-iyfos.  Tieir essential 
neience  tiom  the  Piotophytic  Algaa  seems  to  lie  in  their  incana- 

carbon-compSI 

-Water  OarbomV  simple  binary  compounds 

vvater,  bajbonic  Acid,  and  Ammonia— supphed  by  the  Inoro-anic 

rorld;  and  in  their  dependence  (like  Animals,  S 220)  upon  those 

we  complex  combinations  which  the  Organic  worid  Sone  snpSfes 

dl  "v"l-  “f?'*  ’^Matb/distinction  aTso.  ^rmTt 

b acteria,  Vibriones  &c  whieb  wp  ^ oiganisms  known  as 

^ P«e  wate^  SSlbe/ttt^  i i r'  *’'=7  “““* 
:Mmpogable  organic  matter;  wlilrt  mam' ofa^^ 

produce  themselves  in  solutionoi  in  ax 

Lcgetable  acids  (acetates  tsrf!..*  ammonia-salts  of  the 

nrely  inorSc  ash  S',  f ’c”  combined  with 

M inid"^  to*  the  ptptes  of  ‘ 

= ' semble  ordinary  Plants  in  fn  • ^ ^chizomycetss 

■*  ammonia.  w4h  compounds  out 

^een  Plant;  in  tLiV  SdiW  ^ii^er  from 

e decomposition  of  carbonic  Carbon-compounds  by 

!■  ^rbo-hydiates  or  theiT  deXa^^^^^  support  the 

I • Cohn’s  soini-  • «eiivatives.-Ihey  all  consist  of  minute 

t ipiesium  Sulphirte72^paiS  AnJnT^-*^  rotassium  Phosphate,  1 pai-t  of 
-loncle,  dissolved  in  2uCrts  of  of  c'aldnnf 


p.  146  note. 
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cells,  'which,  m'ultiply  rapidly  by  s'ubdivision ; and  most  of  them,  at 
some  stage  of  their  existence,  have  the  power  of  moving  more  or 
less  quicldy  through  the  liqiiid  they  inhabit,  by  the  action  of 
flagella.  Although  usiially  colourless,  or  nearly  so,  they  sometimes 
form  reddish,  bluish,  or  brownish  colouring  matters;  and  thus, 
when  they  multiply  to  a sufficient  extent,  malce  their  presence 
apparent  to  the  unaided  eye,  either  as  coloured  films  on  the  sides 
of  the  glass  jars  holding  the  solutions,  or  as  (in  the  cases  of  blood- 
coloured  milk  and  blue-green  pus)  imparting  their  colour  to  the 
whole  liquid.  Liquids  in  which  any  of  these  Schizomycetes  are 
actively  developing  themselves,  usually  bear  on  their  surface  a 
gelatinous  scum,  which  is  termed  by  Prof.  Cohn  (who  first  drew 
attention  to  it)  the  Zooglcea.  This  scum,  when  examined  micro- 
scopically, is  found  to  contain  Schizomycetes,  sometimes  of  several 
different  kinds,  and  in  different  stages  of  development,  often  min- 
gled with  true  Infusoria,  matted  together  into  a mass ; at  the  edges 
of  which  they  present  themselves  in  a more  separated  condition, 
and  seem  escaping  to  disperse  themselves  freely  through  the  liquid 
beneath.  By  Prof.  Cohn,*  who  has  made  a special  study  of  this 
group,  it  is  considered  'to  include  a large  number  of  generic  and 
specific  types,  whose  distinctness  is  always  preserved ; but  other 
observers,  who  have  devoted  themselves  to  the  more  prolonged 
and  complete  study  (by  ‘ cultivation’)  of  a small  number  of  forms, 
seem  to  have  made  clear  that  there  is — at  least  in  certain  types — 

a wide  range  of  variation ; so  that  when  the  entire  life-history  of 
any  one  type  shall  be  completely  known,  a number  of  supposed 
species  will  be  merged  in  it,  either  as  transitory  phases  of  its  exist- 
ence, or  as  varieties  resulting  from  differences  in  the  media  in  which 
they  develope  themselves.f  There  are,  however,  five  well-marked 
types,  of  each  of  which  it  will  be  desirable  to  give  a separate 
account;  namely — 1.  Micrococcus;  2.  Bacterium;  3.  Bacillus;  4. 
Vibrio  ; and  5.  Spirillum. 

304.  The  Micrococci  are  darkish  or  coloured  grannies,  so  minute  as 
not  to  be  measurable  with  certainty,  and  destitute  of  any  power  of 
movement ; which  may  occur  either  sohtarily,  or  forming  small 
groups  or  beaded  chains,  such  as  would  be  produced  by  cell-division ; 
but  which  may  also  accumulate  in  irregular  aggregations.  The 
Monas  prodigiosa  of  Ehrenberg,  which  is  sometimes  found  impart- 
ing to  the  surface  of  mouldy  bread  a blood-red  tinge  (attributed  by 
the  superstitious  to  a miraculous  exudation  of  blood),  is  regarded 
by  Cohn  as  a Micrococcus.  There  is  considerable  doubt  whether 
any  of  these  Micrococci  are  independent  oi'ganisms  ; as  it  is  cer- 
tain that  some  of  them  are  nothing  else  than  sporules  of  Bacteria 
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Beitriige  zur  Biologie  der  Pflauzen,’’  Band  i.  Hoft  ii.  (1872),  and  Heft  iii. 
('18751;  Band  ii.  Heft  ii.  (1870).  , 

^ + See  especially  Prof.  E.  Bay  Lankester’s  account  of  ‘ A _rcach^oloua“ 
nacterivm'  in  “ (iuart.  Journ.  Microsc.  Science,”  Vol.  xiii.  (1873),  P-  4»8;  au 


Bacterinm. 

Mr.  J.  0.  Ewart  ‘ On  tiio  Life-history  of  Bacillus  anthracis, 
(1878)i  p.  161,  of  the  same  Journal. 
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ov  BacUU  (Plate  xri.  figs.  l-.l).  But  as  some  of  them  do  not 
imder  cultivation,  develop  themselves  into  any  higher  form  con- 
tmumg  to  multiply  as  isolated  cells  by  binary  subdivision,  they  must 

for  the  present  be  ranked  as  distinct  * ^ymiisr 

k minute  oblong  cells,  which  are  usually  seen 

: mi'ntlh?  to  end  (Fig.  193,  a,  c),  but  not  iinfrequently 

present  themselves  singly  (b,  d),  the  pairs  being  produced  by  the 


Eig.  193. 


B 


' — oo 


3,5oO  diaSers  end.  Magnified 

^.3ell-dl vision  of  solitary  cells.  They  are  usually  seen  in  ‘ vacillating’ 
^movement,  produced  by  the  action  of  their  n-  i ^ 

|;*eir  paired  state,  eaeli  eell  bea.-s  onrat  Ss  fezSemitr  lil3 
.-he  solitary  cells  l«ar  a flagellum  at  eacli  extremity.  The’ forma, 
ihion  of  the  second  flagellum  seems  to  take  place  by  the  drawintr-rmf 
Oi  a filament  of  protoplasm  between  two  cells  that  aro 
rrom  each  other  (as  iAig.  196.  a,  6),  tTe 

[laew  flagellum  to  each.  Two  species  of  this  Iv-na  ° ® i ^ 

1-ably  m size,  have  been  especially  studied  The  cells 
; er^  (Fig.  193,  a),  which  seem^  to  be  the  ‘ ferment’^^ 
■.mtrefactive  change,  have  a diameter  of  about  1-90  000th  nf 
.nch,  and  are  somewhat  longer  than  they  are  brL  T?vl 
Ir.re  so  minute  as  to  be  among*  the  most  ‘ n ■a/t* 

bbjecfa  (p.  193) ; their  diaSrbrni  eSS  d by  If  n °,r 
t.t  no  more  than  l-200,000th  of  a “fuch  t IltCf f f 
^.oes  not  ordinarily  multiply  in  anv  othar  waWP  "n  species 
ubdmsion,  yet,  under  ‘ cllLation^at  a temperature  of  sT^Fh"^® 

i -ShnrtforoS 

5if aSf 

; ^ hat  tome  milf  souroccadonritbf  'fe™enf 

p ictio  acid,  bae  about  three  times  the  leftb 

B B 
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of  its  cells  into  straight  rods,  sometimes  of  consideraLlo  lengtli, 
whicli  break-up  by  transverse  subdivision  into  separate  cells,  each 
of  which  bas  a flagellum  at  either  end,  though,  when  the  cells  are 
])aired  (like ‘those  of  Bacteria),  each  carries  a flagellum  at  its  free 
end  alone.  The  B.  subiilis  {Vibrio  siMilis  of  Ehrenberg),  found 
in  stale  boiled  milk  that  is  undergoing  the  butyric  fermentation, 
is  a slender  supple  thread  (Fig.  194,  a),  whose  cells  average  about 
l-5,000th  of  an  inch  in  length,  moving  in  a ‘ pausing  manner. 

. Fig.  194.“ 


\t 


“like  a fish  forcing  its  way  through  reeds.”  T-'he  B.  vita 
(Fio-.  194,  b),  found  by  Cohn  in  a stale  mfusion  of  boiled  egg,  is 
distinguished  from  the  preceding  by 

fllaments  and  by  its  rigidity.  The  B.  antliracis,  which  is  found  in 
the  blood  and  tissues  of  animals  affected  with 

fever  usually  presents  itself  in  straight  slender  rods,  of  fiom  l-w,0U(Eii 

to  l-i0,000th  of  an  inch  in  length  (Fig  195) ; these, 

are  imbedded  in  living  tissues,  seem  to  multiply  indefinite  y . 

Fig.  195. 


Mattcil  Hods  of  Badllns  <tnihrad.%  extending  in  rows  between  connective 
tissue-fibres  of  subcutaneous  tissue. 

transverse  division  (Plate  xii.,  5,  6),  thus  continuing  to 
motile  filaments,  furnished  with  flagella,  without  extending 
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i:  spores.  When, 

-I  ther  len<^theii-out  oTfo  ^ temperature  of  90° 

<1  ioim  filaliienfs  of  rest  and  motion)  into  very 

* -.tract  to  form  spores  (1>  13)  tIp!p  ^ ^ rapidly  con- 

.Jismtogration  of^he  fi  ament^I4  4 , *>''= 

Ml)  as  Micrococcus  fo.nf«  t ^ and  presenting  themselves 

li^ooglma  (3);  or  they  mav  foo negating  into  a 

lhe“st44'  "ds  cCiriltS'^f  teIC" Th<!™ 

ihemselves  either  infn  n Posed  to  bieak  up  and  aggregate 
■fpiral  rope-work  12 "M  # Tf°^  zooglaea  (19),  or  into  a double 

itioJfZTLdts  later  obser! 

lize  and  form  that  bv  tit  ^ sea.^rater  resembling  B.  anthracis  in 
»f  the  3po“e“'(or?  poi)uv  aggregation 

I •'■vanular  masses  of  considerablJ  si!?  M contents), 

1 f^hich  by  pressure  diffuses  over  tbp  fi  n ,F°‘^’^oed  ; the  ruiffure  of 

: 'reryono  of  wh?ch  "eera  cloali 
rater,  of  germinaLg TtoT  rod  ’ ?!““<>  « “ i'-op  of  sea-’ 

! aimimization  ’ and  raultinliration '„f  to  probable,  similar 

> llace  in  Jnrferm  alsHi Tt  wtp  reproductive  germs  tabes 

^ i ■ 41 7),  the  idea  of  thi  universil  diff 
I lie  atmosphere,  which  seems  nLl  through 

I'lfcM  w?;rh  oThi  &°Sm;;fcMTh:; 

Fig.  19G. 


bot'l,  ends;  two  otM*?iudiVidLX^a?nd^^  hagellum  at  one  or 

tofoXthei-?e?on^5ag?S 

I ihaped  curvature  Thev  nreaf  more  or  less  of 

aeon?  of  deooCo?ing  or?^n??'Stcr  Tc  ^ “ “- 

itona-forms,  from^  wfich  tw  ’ '"‘‘>1  other 

SncF  . , ‘*™  distinguishable  by  their 

oec  thwart,  for  rU  a i.  r> 


1£ 


t “ Procnodiugs  of  Eoyal  Society,”  Juno  20,  1S7X. 
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wavy  serpentine  movement.  The  length  of  one  of  the  commonest  > 
spocies,  V,  Tugulct  (Fig.  196),  is  tisually  Irom  l-l,200tb.  to  l-2,o00thof  j 

an  inch.  „ i n n ii 

308.  Spirilla,  which  are  the  largest  oi  the  whole  group,  are 

characterized  by  the  spiral  coiling  of  their  cells  (Fig.  197),  and  by  ; 

Fio.  197.  ' 

A i 


A,  SpiriUtmi  undula,  showing  flagellum  at  each  end.  Magnified  3,000  diameters. 
B,  Spirillum  volutans.  Magnified  2,000  diameters. 


I 


their  corkscrew-like  movement;  and  are  found  not  so  miich  in 
newly-decomposing  infusions  of  organic  matter,  as  in  stale  liqui 
which  have  passed  through  the  active  stages  of  putre.scence. 
Nothing  has  been  certainly  known,  until  recently,  of  t^ir  lite- 
history;  but  the  observations  of  Messrs.  Geddes  and  Ewart  seem 
to  render  it  clear  that  they  pass  through  a series  of  stages,  closely 
corresponding  to  those  of  Bacillus.  The  ‘ zooglffia  film  orme  y 
the  aggregation  of  Spirilla  has  a brownish  tint ; some  o ^ _e 
organisms  of  which  it  is  composed  are  at  rest,  and  others  m 
rapid  movement.  The  resting  Spirilla  are  sometimes  neary 
straight,  with  a slight  curvature  at  one  or  ends,  e 
increasing  until  the  characteristic  spiral  of  the 
attained;  and  the  change  from_  the  still  to  the  J 

take  iilace  very  rapidly,  often  with  a passage  through  a i 
Fibrlo  stage.  But  Spirillum,  like  the  forms  already  ‘described,  m y 
lengthen-out  into  long  filaments,  which  lose  their  characten 
twist  and  their  motile  powers ; and  their  endoplasm  breaks^ 
into  spores,  which,  after  their  escape  from  the  filamen^^^^^^^ 
a distinct  capsular  investment,  whicli  holds  them  kOoetl  ^ 
groups  while  multiplying  by  subdivision.  -^re- 

mere  cellulose  envelope  is  formed,  ^:^bicli  ^he  sppres^^^^ 
gularly  imbedded,  continuing  to  multiply  by  s^ibdi^^s  ’ s ^ 
to  form  large  irregular  masses, 

into  a filament  commences  by  the  putting-forth  of  ^mall 
prolongation,  which  gives  it  the  shape  of  a comma, 

♦ “Proceedings  of  Eoyal  Society,”  June  20,  1878. 


k 


LIFE-HISTORY  OF  SCHIZOilYOETES. 


373 


every  possible  gradation  in  size  and  form  is  seen  between  tbe 
smaUest  comma  and  tbe  largest  filament,  there  can  be  no 
reasonable  doubt  of  the  development  of  the  former  into  the  latter. 
Granular  spheres  are  also  seen,  which  may  consist,  like  those  of 
Bacillus,  of  minute  particles  emitted  from  the  spores,  and  capable 

• of  development  into  a new  generation  of  Spirilla. 

309.  Of  the  whole  of  this  group  it  may  be  remarked  that,  so  far  as 

i-is  yet  known,  they  multiply  either  by  transverse  cell-division,  or  by 
' the  breaking-up  of  their  endoplasm  into  spores,  the  production  of 
which  is  entirely  non-sexual.  ISTothing  like  ‘ conjugation,’ or  any 
!)  other  form  of  sexual  Generation,  has  yet  been  witnessed  in  any  of 
i;them ; and  irntil  such  shall  have  been  discovered,  no  confidence 
. can  be  felt  that  we  know  the  entire  life-history  of  any  one  tyjpe.* — 

1 It  is  a fact  of  great  importance  in  the  physiology  of  the 
:i:.^ScJiizom]/cef,es,  that,  in  certain  stages  of  their  lives,  they  can  resist 
i both  very  high  and  very  low  temperatures  without  the  loss  of  their 
vitahty.  In  the  active  state  of  Bacteria,  &c.,  they  appear  from  the 
^experiments  of  Dr.  Eidam  (which  were  conducted  under  the  super- 

• inteudence  of  Prof.  Cohn)  to  be  killed  by  continuous  exiDosure  to  a 
temperature  of  124°  for  three  hours,  or  to  115°  for  thirteen  or  four- 
teen hours,  although  capable  of  sustaining  a temperatnre  of  120°  for 
r short  time  without  losing  their  vitality.  But  in  the  Micrococcus- 

‘ -stage,  although  killed  by  being  hoiled  for  a few  minutes,  they  can 
■ sustain  exposure  to  a,  dry  heat  of  230°  Fahr.,  but  are  killed  by 
oeing  heated  to  248°.j'  And  this  is  probably  the  explanatioji  of 
Prof.  Tyndall  found  that  he  could  not  sterilize  an 
A:  1 nfusion  of  old  hay  (the  Bacteria-germs  contained  in  which  may  be 
supposed  to  have  had  peculiarly  dry  hard  envelopes)  without  boiling 

hours ; though  rejieated  short  boilings 
i' r vith  intervals  of  cooling  would  effectually  destroy  their  power  of 
fi|’r(erminating.^  Even  severe  cold  does  not  destroy  the  vitality  of 


t 


If. 


ffl,  ' oacteria  and  Bacilli  in  their  ordinary  condition,  although  it 


!.  'Uspends  their  activity ; for  Bacteria  have  been  found  to  recover 
^ hemselves  completely  after  exposure  to  a temperature  of  0°  Fahr. ; 
md  the  spores  of  Bacillus  OjUthracis  have  recovered  their  germinal 
tt  after  exposure  for  several  hours  to  a temperature  averacrino- 

1 below  the  zero  of  Fahrenheit. 

these  facts  are  allowed  their  due  weight,  no  difficulty 
>ugnt  to  be  felt  in  admitting  the  action  of  Bacteria,  &c.,  in  pro- 
ucing  decomposition,  under  conditions  which  might  at  first  view 
>e  air  y supposed  to  preclude  the  possibility  of  their  presence, 
ims  action  is  altogether  analogous  to  that  of  the  Yeast-plant 

"^y^uestlonablo  that  among  tho  higher  Fungi  ‘conjugation’ 
umiS^  growth,  it  seems  a not  improbable 

Si  w^  ^ spheres’  observed  by  Mr.  Ewart  iu  JiacilLm  and 

■f  pi  t’  i * ‘ microplasts’ observed  by  Frof. 

athe'ililloceS  - Product  of  conjugation  . 

t “ Beitriige  zur  Biologie  der  Pflanzen,”  Heft  3 (187d). 
t “rhilo3ophical  Transactions/’  1877,  p.  183. 
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(§  oil)  in  producing  saccharine  fermentation;  and  the  careful  and 
exact  experiments  of  Pasteur,*  repeated  and  verified  in  a great 
variety  of  modes  by  Professors  Lister,  Tyndall,  and  others,  seem  to 
the  writer  to  leave  no  reasonable  doubt  on  these  two  points— 
(1)  that  putrefactive  fermentation  does  not  take  place,  even  in 
liquids  which  are  peculiarly  disposed  to  pass  into  it,  except  in  the 
jwesence  of  Bacteria-germs ; and  (2)  that  neither  these  germs,  nor 
any  others,  arise  in  such  liquids  de  novo,  but  that  they  are  all 
conveyed  into  them  by  the  air,  when  not  otherwise  introduced. 
Whether  there  are  different  species  of  Bacterium,  Bacillus,  &c., 
which  (as  maintained  by  some)  excite  distinct  forms  of  disease 
I’espectively  peculiar  to  them,  in  the  bodies  of  animals  into  which 
they  find  their  way,  is  a question  which  he  thinks  is  scarcely  yet 
ripe  for  decision.  Strong  evidence  in  its  favour  is  afforded  by  the 
facts  now  accumulated  in  regard  to  the  transmission  of  special 
forms  of  disease  by  inoculation,  in  some  instances  with  Bacillus 
germs,  and  in  others  with  very  minute  germinal  particles  termed 
microzymes,  whose  nature  is  still  unknown.  Thus  ‘ splenic  fever  ’ 
is  jjroducible  by  the  inoculation  of  Bacilhis  anthracis,  and  the 
typhoid  fever  of  the  pig  by  inoculation  with  another  species  of 
Bacillus  ;f  the  plants  having  been  in  both  cases  ‘ cultivated,’  so  as  to 
be  free  from  other  contaminating  matter.  Again,  it  has  been  ascer- 
tained by  carefnl  microscopical  examination  of  the  fluid  of  the  Yac- 
cine  vesicle,  that  it  is  charged  with  a multitude  of  minute  granules 
not  above  1-20, 000th  of  an  inch  in  diameter;  and  it  has  been 

* The  experiments  which  have  always  seemed  to  the  Author  most  satisfactoiy. 
arc  those  in  ^vhich  the  careful  filtration  of  the  ah'  (as  by  simply  plugging  the 
mouth  of  the  tube  or  flask  with  cotton-wool),  or  its  imrifimtion  by  the-  subsi- 
(Icuco  of  the  minute  particles  it  ordinarily  holds  in  suspension  (as  demonstrated 
by  Prof.  Tyndall’s  optical  test),  prevents  any  putrefactive  change  from  taking 
place  in  organic  liquids  exposed  to  it.  He  would  refer  such  as  udsh  to  study 
this  important  question,  to  the  following  Papers  in  particular : — Prof.  Hiixley[s 
Presidential  Address  to  the  British  Association  in  1870,  reprinted  in  his 

Ci'itiques  and  Addresses Prof.  Lister  on  ‘ Bacteria  and  the  Germ-theory,’  in 
“ Quart.  Joirni.  of  Microsc.  Science,”  Vol.  xiii.,  p.  380,  on  ‘ The  Nature  of 
Fermentation’  in  vol.  xviii.  of  the  same  Journal,  p.  177,  and  his  Address  to  the 
British  Medical  Association  at  Oambridge,  in ‘Brit.  Med.  Jouni.’  1880,  p.  363: 
and  Prof.  Tjmdall  on  ‘ The  Optical  Deportment  of  the  Atrao.sphere  in  Belation 
to  the  Phenomena  of  Putrefaction  and  Infection,’  in  “Philos.  Transjict.,”  1876. 
p.  27,  and  ‘Further  Reseai'ches’  in  “ Philos.  Transact.,”  18/7,  p.  1-10  ; also,  for 
an  account  of  recent  Pathological  researches  by  Pasteur  and  others,  ‘Jouni.  ol 
]{oy.  Microsc.  Soc.’  vol.  iii.  (1880),  pf).  lOOG-1020.  Tho  doctrines  advanced  on 
the*  other  side  in  Dr.  II.  Charlton  Bastian’s  “Beginnings  of  Life,”  do  not,  in  his 
j lulgment,  staud  the  test  of  rigid  scrutiny.  _ . , 

I The  dried  blood  of  horses  that  haddiedin  India  of  ‘ Loodiaua  fever,'  liaMUg 
been  sent  to  the  Brown  Institution,  a crop  of  Bacillus  anthracis  w.as  gromi 
from  it,  rvhich  reproduced  the  di.seaso  in  healthy  auimals. — The  very  important 
fact  has  boon  discovered  at  tho  same  Institution,  that  tho  ‘ brewers’  grains 
largely  used  as  food  for  cattle,  afford  a soil  which  is  peculiarly  favourable  tor 
tlie  growth  and  development  of  the  spore-filaments  of  Bacilli^;  and  thus  an 
obvious  explanation  was  given  of  an  epidemic  of  anthrax  in  a previous 
iininfoctod  district,  destroying  a largo  number  of  auimals,  all  of  which  hart  Dec 
f(‘d  with  ‘grains’  obtiiiued  from  a particular  brewery. 
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t'urther  determined  that  these,  rather  than  the  fluid  in  which  they 
arc  suspended,  are  the  active  agents  in  the  production  of  a similar 
vesicle  in  the  skin  into  which  they  are  inserted.  This  vesicle  must 
contain  hundreds  or  thousands  of  ‘ microzymes  ’ for  every  one 
originally  introduced;  and  it  is  obvious  that  their  multiplication 
has  so  strong  an  analogy  to  that  of  Bacteria,  as  to  suggest  the 
idea  that  it  must  take  place  by  a like  process  of  cell-development. 
Similar  observations  have  been  made  upon  Grlanders,  Sheep-pox, 
and  Cattle  plague ; so  that  an  animal  suffering  under  either  of  these 
terrible  diseases  is  a focus  of  infection  to  others,  for  precisely  the 
same  reason  that  a tub  of  fermenting  beer  is  capable  of  propagating 
its  fermentation  to  fresh  wort.'-^ — A most  notable  instance  of  such 
propagation  is  afforded  by  the  spread  of  the  disease  termed 
' pebrine  ’ among  the  Silkworms  of  the  south  of  France ; the  mor- 
tality caused  by  it  being  estimated  to  produce  a money-loss  of  from 
three  to  four  millions  sterling  annually,  for  several  years  following 
185d,  when  it  first  broke  out  with  violence.  It  has  been  shown  by 
microscopic,  investigation,  that  in  silkworms  strongly  affected  with 
this  disease,  every  tissue  and  organ  in  the  body  is  swarming  with 
minute  cylindrical  corpuscles  about  1-6, 000th  of  an  inch  long  ; and 
that  these  even  pass  into  the  undeveloped  eggs  of  the  female  moth, 
so  that  the  disease  is  hereditarily  transmitted.  And  it  has  been 
further  ascertained  by  the  researches  of  Pasteur,  that  these 
corpuscles  are  the  active  agents  in  the  production  of  the  disease, 
which  is  engendered  in  healthy  silkworms  by  their  reception  into 
their  bodies;  whilst,  if  due  pi’ecautions  be  taken  against  their  trans- 
mission, the  malady  may  be  completely  exterminated. 

7>11.  Nearly  allied  to  the  Schizomycetes  in  the  simplicity  of  its 
character  and  in  its  ‘ zymotic  ’ action,  is  the  Saccharomyces  {Torula) 
<‘crevisice ; the  presence  of  which  in  Yeast  gives  to  it  the  power  of 
exciting  the  alcoholic  fermentation  in  saccharine  liquids.  When  a 
small  drop  of  yeast  is  placed  under  a magnifying  power  of  400  oi; 
•>00  diameters,  it  is  seen  to  contain  a lai'ge  number  of  globular  or 
ovoid  cells,  averaging  about  l-3,000th  of  an  inch  in  diameter,  for 
the  most  part  isolated,  but  sometimes  connected  in  short  series ; 
and  each  cell  is  filled  with  a nearly  colourless  ‘endoplasm,’  usually 
oue  or  more  vacuoles,  but  never  showing  a nucleus. 
When  placed  in  a ferraentible  fluid  containing  some  form  of  nitro- 
geuous  matter  in.  addition  to  sugar,f  they  vegetate,  in  the  manner 
lepresented  in  Pig,  198.  Each  cell  puts  forth  one  or  two  projec- 
tions, which  seem  to  be  young  cells  developed  as  buds  or  offsets 


,,  I’rof.  Biirrlon  Sanderson  ‘ On  the  Intimate  Pathology  of  Contagion’  in 
1 rivy  Council  “imports  on  the  Public  Health”  for  1870. 
t It  appears  from  the  researches  of  Pasteur,  that  although  the  in-osonco  of 
r matter  (such  as  is  contained  in  a saccharine  wort,  or  in  the  juices 

"I  muts)  favours  the  growth  and  reproduction  of  Yeast,  yet  tliatit  can  live  and 
7 m a solution  of  pure  Sugar,  containing  amiuoniuiu-tartrato  with 
, rr'  j-  quantities  of  Mineral  salts  ; the  docomiiositioii  of  the  ainmouia-sall 
fno  nitrogen  it  requires  for  the  production  of  prntonlnsni.  wliilo  the 
-ngar  an-l  water  supply  the  carbon,  oxygen,  and  hydrogen. 
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from  tlieir  predecessors ; tliese,  in  the  course  of  a short  time,  be- 
come complete  cells,  and  again  perform  the  same  process ; and  in 
this  manner  the  single  cells  of  yeast  develop  themselves,  in  the 
course  of  a few  hours,  into  rows  of  four,  five,  or  six,  which  remain 
in  continuity  with  each  other  whilst  the  plant  is  still  growing,  ljut 
which  sexjarate  if  the  fermenting  jjrocess  be  checked,  and  return  to 


Fig.  198. 


Torula  cerevlske,  or  Yeast-plant,  as  developed  during  the  process  of 
fermentation  b,  c,  d,  successive  stages  of  cell-multiplication. 


the  isolated  condition  of  those  which  originally  constituted  the 
yeast.  Thus  it  is  that  the  quantity  of  yeast  first  introduced  into 
the  fermentible  fluid,  is  multiplied  six  times  or  more  during  the 
changes  in  which  it  takes  jiart.  Under  certain  conditions  not  yet 
determined,  the  Yeast-cells  multiply  in  another  mode— namely,  by 
the  breakiug-ux)  of  the  endoplasm  into  segments,  usually  four  in 
number,  around  each  of  which  a new  ‘cell-wall’  forms  itself;  and 
these  endogonidia  (which  corresxoond  with  the  ‘ zoospores’  of  .Mgae,^ 
save  in  having  no  motile  power)  being  set  free  by  the  dissolution  of 
the  wall  of  the  parent-cell,  soon  enlarge  and  comport  thernselves 
as  ordinary  Yeast-cells.  Uo  conjugation  or  other  form  of  sexual 
action  has  yet  been  observed  in  Torula;  and  there  are  various 
reasons  for  surmising  that  we  do  not  yet  know  its  whole  hfe-lustory. 
— Many  other  Fungi  of  like  simplicity  have  the  power  to  act  as 
‘'ferments :’  thus  in  wine-making,  the  fermentation  of  the  juices  ot 
the  grapes  or  other  fruit  employed,  is  set  going  by  the  development 
of  minute  fungi  whose  germs  have  settled  on  their  skins ; these 
germs  not  being  injured  by  desiccation,  and  being  readily  trans- 
X^orted  by  the  atmosxohere  in  the  dried-u})  state.  There  is  reason 
to  believe,  moreover,  that  a similar  ‘ zymotic’  action  may  be  excited 
by  Fungi  of  a higher  grade  in  the  earlier  stages^  of  their  growth; 
the  alcoholic  fermentation  being  set-up  in  a suitable  liquid  (such 
as  an  aqueous  solution  of  cane-sugar,  with  a little  fruit-juice)  by 
sowing  in  it  the  sxiorules  of  any  one  of  the  ordinary  ‘ moulds,  sucn 
as  Penicillium  glaumm,  Mucor,  or  Aspergillus,  provided  the  tem- 
perature be  kept  up  to  blood-heat ; and  this  even  though  the  so  u 
tion  has  been  previously  heated  to  ‘284°  Fahr.,  a temperature  whicu 
must  kill  any  germs  it  may  itself  contain.* 

* Sco  the  observations  of  Mad.  Liiders,  in  Schulze’s  » Arebiv  fur  Mikro- 
scopisebe  Anatomie,”  Band,  iii.,  abstracted  in  “ Quart.  Journ.  Microsc. 

N.S.,  vol.  xiii.  (1 8G8),  p.  35. 
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Fig.  190. 


Sar cilia  ventricull. 
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oI2.  The  Savcuia  ventriculi  (Fig.  199)  is  another  Protophyte 
which  seems  related  both  to  Aljcn  and  Fungi ; corresponding  witb 
the  former  in  its  aquatic 
habit  and  mode  of  growth, 
and  with  the  latter  in  re- 
quiring organic  matter  of 
some  kind  for  its  suste- 
nance. This  Plant  is  most 
frequently  found  in  the 
matters  vomited  by  ]oer- 
sons  suffering  under  dis- 
order of  the  stomach,  but 
has  also  been  met  with  in 
other  diseased  parts  of 
the  body.  It  has  been 
detected  in  the  contents 
of  the  stomach,  however, 
under  circumstances 
which  seem  to  indicate 
that  it  is  not  an  uncom- 
mon tenant  of  that  organ 

health,  and  that  it  may  accumulate  there  to  a conside- 
^ without  producing  any  inconvenience.  It  seems 

probable,  therefore,  that  its  presence  in  disease  is  rather  to  be  con- 
sidered as  favoured  by  the  changed  state  of  the  fluids  which  the 
dwease  mduces  (either  an  acid  or  a fermentible  state  of  the  contents 
u having  been  generally  found  to  exist  in  the  cases  in 

winch  the  plant  has  been  most  abundant),  than  to  be  itself  the 
occasion  of  the  disease,  as  some  have  supposed.  The  Sarcina  pre- 
sents itself  in  the  form  of  clusters  of  adherent  cells  arranged  in 
squares,  each  square  containing  from  4 to  64,  and  the  number  of 
cells  being  obviously  multiplied  by  duplicative  subdivision  in  direc- 
tions transverse  to  each  other.  In  fact,  its  general  mode  of  growth 
would  indicate  a_  near  relation  to  Gonimn,  one  of  the  Volvodnecu, 
Which  pre-sents  itself  in  similar  quadripartite  aggregations;  but 
here  can  be  httle  doubt  that  as  no  fructification  has  yet  been  seen 
in  it,  only  its  earlier  and  simpler  condition  is  yet  known  to  us;  and 
3 true  place  cannot  be  determined  until  its  whole  life-history  shall 

have  been  followed  out. 

wli-bfri  of  Fungous  vegetation  that  developes  itself 

aq  well  ^ body,  and  which  is  of  great  economic  iraiDortance 
oool  o ®^“'otiflc  interest,  is  the  Botrytis  hassiana  (Fig. 

the  fli«o  + mould,  the  growth  of  which  is  the  real  source  of 
wornil  wmscardme,  which  formerly  carried  off  Silk- 

the  numbers,  just  when  they  were  about  to  enter 

plant  Tiina  great  injury  of  their  breeders.  The 

all  S' whh  ^ under  a considerable  variety  of  forms  (a-f), 

of  elonsrat/'d  ‘owever,  are  of  extremely  simple  structure,  consisting 
elongated  or  rounded  cells,  connected  in  necklace-like  filaments’, 
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very  nearly  as  in  tEe  ordinary  ‘bead-moulds.’  The  sporulcs  of 
this  fung\is,  floating  in  the  air,  enter  the  breathing-pores  (Fig.  4t53) 

Fig.  200. 


liotrytls  h(m!ana:—A,  tlio  fungus  as  it  iirst  aiipoars  at 
oriiices  of  tho  stigmata ; u,  tubular  filaments  biNirmg  short 
branches,  as  seen  two  clays  afterwards;  E,  magnified  view  o 
the  same ; C,  D,  appearance  of  filameuts  on  the  fourth  ai 
sixth  days ; f,  masses  of  mature  spores  falling  off  the  branches, 
with  filaments  proceeding  from  them. 

which  open  into  the  tracheal  system  of 

develop  themselves  within  the  air-tubes,  which  are  soon  hloctea 
n7byVeir  growth  ; and  they  then  e.xtend  themselves  hrough  U^^^ 
fatty  mass  beneath  the  shin,  occasioning  the  destruction  ot 
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tissue,  is  very  important  as  a reservoir  of  nutriment  to  the 

, inimal  when  it  is  about  to  pass  into  its  chrysalis  condition, 
d'lie  disease  invariably  occasions  the  death  of  the  worm  which  it 
uttachs;  hut  it  seldom  shows  itself  externally  until  afterwards, 
'when  it  rapidly  shoots-forth  from  beneath  the  skin,  especially  at 
the  junction  of  the  rings  of  the  body.  Although  it  spontaneously 
attacks  only  the  larva,  yet  it  may  be  communicated  by  inoculation 
to  the  chrysalis  and  the  moth,  as  well  as  to  the  worm  ; and  it  has 
also  been  observed  to  attack  other  Lepidopterous  Insects.  A care- 
ful investigation  of  the  circumstances  which  favour  the  develop- 
ment of  this  disease  was  made  by  Audouin,  who  first  discovered 
its  real  nature;  and  he  showed  that  its  spread  was  favoured  by 
the  overcrowding  of  the  worms  in  the  breeding  establishments, 
and  particularly  by  the  practice  of  throwing  the  bodies  of  such  as 
died  into  a heap  in  the  immediate  neighbourhood  of  the  living 
' worms : for  this  heap  speedily  became  covered  with  this  kind  of 
‘ mould,’  which  found  upon  it  a most  congenial  soil ; and  it  kept 
;up  a continual  supply  of  sporules,  which,  being  diffused  through 
the  atmosphere  of  the  neighbourhood,  were  drawn  into  the  breath- 
ing pores  of  individuals  previously  healthy.  The  precautions 
obviously  suggested  by  the  knowledge  of  the  nature  of  the  disease, 
thus  afforded  by  the  Microscope,  having  been  duly  put  in  force,  its 
extension  was  successfully  kept  down. 

did.  An  example  of  the  like  kind  is  frequently  presented  in  the 
destruction  of  the  common  House-fly  by  a minute  fungus  termed 
Empi'.sa  musci.  In  its  fully  developed  condition,  the  spore-bearing 
1 filaments  of  this  plant  stand  out  from  the  body  of  the  fly  like  the 
* pile  of  velvet ; and  the  spores  thrown  off  from  these  in  all 
. directions  form  a Avhite  circle  round  it,  as  it  rests  motionless  on 
a window-pane.  The  filaments  which  show  themselves  externally 
are  the  fructification  of  the  fungus  which  occupies  the  interior  of 
the  Fly  s body  ; and  this  originates  in  minute  corpuscles  which 
find  their  way  into  the  circulating  fluid  from  without.  A healthy 
fly  shut  up  with  a diseased  one,  takes  the  disease  from  it  by  the  de- 
posit of  a sporule  on  some  part  of  its  surface ; for  this,  beginning 
to  germinate,  sends  out  a process  which  finds  its  way  into  the 
interior,  either  through  the  breathing-pores,  or  between  the  rings 
of  the  body  ; and  having  reached  the  interior  cavities,  it  gives  off 
the  minute  corpuscles  which  constitute  the  earliest  stage  of  the 
Again  it  is  not  at  all  uncommon  in  the  West  Indies,  to 
see  individvrals  of  a species  of  Polistes  (the  representative  of  the 
N asp  of  our  own  country)  flying  about  with  plants  of  their  own 
ength  projecting  from  some  part  of  their  surface,  the  germs 
0 which  have  been  probably  introduced  (as  in  the  preceding  case) 
^ iroiigh  the  breathing-pores  at  their  sides,  and  have  taken  root  in 
^ loir  substance,  so  as  to  produce  a luxuriant  vegetation.  In  time, 
iowe\er,  this  fungous  growth  spreads  through  the  body,  and 
1 insect;  it  then  seems  to  gi’ow  more 

' pi'  }Hhe  decomposing  tissue  of  the  dead  body  being  still  more 
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adapted  than  the  liv^ing  stimcture  to  afford  it  nutriment— A 
similar  growth  of  different  species  of  the  genus  Spluaria  takes  place 
in  the  bodies  ot  certain  caterpillars,  in  New  Zealand,  Australia, 
and  Uhina ; and  being  thus  completely  pervaded  by  a dense  sub- 
stance, which,  when  dried,  has  almost  the  solidity  of  wood,  these 
caterpillars  come  to  present  the  appearance  of  twigs,  with  long 
rnu  that  are  formed  by  the  growth  of  the  fungus  itself, 

ihe  Ohinese  species  is  valued  as  a medicinal  drug. 

315.  The  stomachs  ana  intestines  of  many  Worms  and  Insects 
are  infested  with  parasitic  Fungi,  which  grow  there  with  great 
luxuriance.  In  the  accompanying  illustrations  (Figs.  201,  202)  are 

shown  some  of  the  forms  of  the 
Enterohryus,*  which  has  been 
found  by  Dr.  Leidy  f to  be  so 
constantly  present  in  the 
stcmach  of  certain  species  of 
Iuh(,fi  (gaily- worm),  that  it  is 
extremel}''  rare  to  meet  with 
individuals  whose  stomachs  do 
TCoi  contain  it.  The  Enterobryns 
originally  consists  ot  a single 
long  tubular  cell,  which  some- 
times grows  iu  a spiral  mode 
(Fig.  201),  sometimes  straight 
and  tapering  (Fig.  202,  x).  In  . 

its  young  state  the  cell  contains  I 

a transparent  protoplasm,  with  I 

granules  and  globules  of  various  | 

sizes  ; but  in  its  more  advanced  I 

condition  the  tube  of  the  filament  j 

is  occupied  by  cells  in  various  j 

stages  of  development ; these  j 

distend  the  terminal  part  of  ; | 

the  cell_  (Fig.  202,  b),  and  press  so  much  against  each  other 
that  their  walls  become  flattened ; whilst  nearer  the  middle  of  the 
same  filament  (c)  we  find  them  retaining  their  rounded  form,  and 
rnerely  lying  in  contact  with  each  other ; and  at  the  base  (d),  they 
lie  detached  in  the  midst  of  the  granular  protoplasm.  In  E.  spirali'< 
the  primary  cells  (Fig.  201,  h,  c),  very  commonly  have  secondary 
and  even  ternaiy  cells  {d)  developed  at  their  extremities ; but  this  is 
rarely  seen  in  E.  attenuatus  (Fig.  202).  It  may  be  considered  as 
next  to  certain  that  the  tubular  filaments  rupture,  when  the  con- 
tained cells  have  arrived  at  maturity,  and  give  them  exit ; and  that 

* This  plant,  also,  has  much  affinity  to  Alga;  in  its  general  tj'pe  of  structure, 
and  is  reterrcd  to  tiiat  groxip  by  many  botanists ; but  the  conditions  of  its 
growth,  as  in  the  case  of  Sarcina,  seem  rather  to  indicate  its  affinifj'  to  the 
Fungi  ; and  \intil  its  proper  fructification  shall  have  been  made  out,  its  true 
])lace  iu  the  scale  must  bo  considered  as  undetermined. 

t “Smithsonian  Contributions  to  Knowledge,”  V'ol.  v. 


Fig.  201. 


Growth  of  Enterohryus  spiralis  from 
mucous  membrane  of  stomach  of  lulus 
— n,  epithelial  cells  of  mucous  mem- 
brane ; h,  spiral  filament  of  Entero- 
bryus ; c,  prmiary  cell ; d,  secondary 
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these  cells  are  developed,  tinder  favourable  circumstances,  into 
tubtilar  filaments  like  those  from  -whicb  they  sprang ; but  the  pro- 
cess has  not  yet  been  thoroughly  made  out.  This  is  obviously  not 
the  trite  Generation  of  the  plant,  but  is  analogous  to  the  develop- 
ment of  zoospores  in  Adilya  (§  250). — It  is  not  a little  curious, 


Structure  of  Enterohryns : — A,  groivtli  of  E.  attemiatus,  from 
mucous  membraue  of  stomacb.  of  Passulus ; b,  dilated  extre- 
mity of  primary  cell  of  E.  eleynns,  filled  ivith  secondary  cells, 
which,  near  its  termination,  become  mutually  flattened  by 
pressure ; c,  lower  portion  of  the  same  filament,  containing 
cells  mingled  with  granules ; n,  base  of  the  same  filament, 
containing  globules  interspersed  among  granules. 

moreover,  that  the  Entozoa  or  parasitic  Worms  infesting  the 
alimentary  canal  of  these  animals  should  be  often  clothed  externally 
with  an  abundant  growth  of  such  plants : in  one  instance,  Dr. 
Leidy  found  an  Ascai-is  bearing  twenty- three  filaments  of  JEntero- 
h-yu8,  “ which  appeared  to  cause  no  inconvenience  to  the  animal,  as 
it  moved  and  wriggled  about  with  all  the  ordinary  activity  of  the 
species.”  The  presence  of  this  kind  of  vegetation  seems  to  be 
related  to  the  peculiar  food  of  the  animals  in  whose  stomachs  it  is 
found ; for  Dr.  Leidy  could  not  discover  traces  of  these  or  any  other 
parasitic  plants  in  the  alimentary  canal  of  the  carnivorous  Myria- 
pods which  he  examined ; whilst  he  met  with  a constant  and  most 
extraordinary  profusion  of  vegetation  in  the  stomach  of  a herUvorous 
Beetle,  the  Passulus  cornutus,  which  lives  like  the  luli,  in  stumps 
ot  old  trees,  and  feeds  as  they  do  on  decaying  wood. 

•316.  There  are  various  diseased  conditions  of  the  Human  skin 
and  mucous  membranes,  in  which  there  is  a combination  of  fun- 
goid  V egetation  and  morbid  growth  of  the  Animal  tissues  : this  is 
e case,  for  example,  with  the  Tinea  favosa,  a disease  of  the 
scalp,  in  which  yellow  crusts  are  formed  that  consist  almost  entirely 
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of  tlie  mycelium,  recepO'icles,  aud  sporules  of  a fungus  ; and  the  lilce 
is  true  also  of  those  white  patches  {Aphtha})  on  the  lining  membrane 
of  the  mouth  of  infants,  which  are  known  as  thrush.,  and  of  tlie 
exudations  of  ‘ false  membrane  ’ in  the  disease  termed  diphtheria. 
In  these  and  similar  cases,  two  opiirions  are  entertained  as  to  the 
relation  of  the  Fungi  to  the  diseases  in  which  they  present  them- 
selves : some  maintaining  that  their  presence  is  the  essential  con- 
dition of  these  diseases,  which  originate  in  the  introduction  of  the  ■ 
vegetable  germs;  and  others  considering  their  presence  to  be  , 
secondary  to  some  morbid  alteration  of  the  ]3arts  wherein  the  ' 
fungi  appear,  which  alteration  favours  their  development.  The 
first  of  these  doctrines  derives  a strong  support  from  the  fact,  that  i 
the  diseases  in  question  may  be  communicated  to  healthy  indi- 
viduals, through  the  introduction  of  the  germs  of  the  Fungi  bj'  . 
inoculation ; whilst  the  second  is  rather  consistent  with  general  j 
analogy,  and  especially  with  what  is  known  of  the  conditions  under  ; 
which  the  various  kinds  of  fungoid  ‘ blights’  develope  themselves  ; 
in  or  upon  growing  Plants  (§  320).— It  is  not  a little  remarkable  i 
that  even  Corals,  Shells,  Fish-scales,  and  other  hard  tissues  of  ! 
Animals,  are  not  unfrequently  penetrated  by  fungous  Yegetatiou, 

Fig.  201. 


which  usually  presents  itself  in  the  form  of  simple  tubes  more  or 
less  regularly  disposed  (Fig.  203),  and  closely  resembling  those  of 
an  ordinary  mycelium  (compare  Fig.  207,  u),  but  occasionally 
exhibits  a distinct  fructification  that  enables  its  true  character  to 
be  recognized.* 

* See  Professor  Kolliker  ‘On  the  Frequent  Occurrence  of  tVgetablo  Pew- 
sites  in  the  Hard  Tissues  of  Animals,’  in  “Quart.  Jouru.  of  Microsi-.  t^cieiiw, 
Vol.viii.  (18G0),  p.  171. — Previously  to  the  publication  of  his  friend  Prot.  K.  .- 
paper  the  Author  had  himself  arrived  at  a similar  conclusion  in  regard  to 
the  parasitic  nature  of  many  of  the  tubular  structures  which  had  been  orip- 
nally  regarded  not  merely  by  himself,  but  by  I’rof.  Kolliker,  as  i»ro])erto  the 
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ol7.  ilieio  are  scarcely  any  Microscopic  objects  more  beautiful 
than  some  ot  those  forms  of  ‘ mould’  or  ‘ mildew,’  which  are 
commonly  found  growing  upon  the  surface  of  jams  and  other  pre- 
seives;  especially  when  they  are  viewed  with  a low  macnifyino' 
power,  by  reflected  light.  For  they  present  themselves  as°a  forest 
or^  stems  and  branches,  of  extremely  varied  and  elegant  forms 
(I  ig.  ^04),  loaded  with  fruit  of  a singular  delicacy  of  conformation, 
all  glistening  brightly  on  a dark  ground.  In  removing  a portion 
or  the  ‘ mould  ’ froru  the  surface  whereon  it  grows,  for  tlie  purpose 
ot  microscopic  examination,  it  is  desirable  to  disturb  it  no  more  than 
^an  be  helped,  in  order  that  it  may  be  seen  as  nearly  as  possible  in 
its  natural  condition ; and  it  is  therefore  preferable  to  take  up  a 
portion  ot  the  membrane-like  substance  whereon  it  usually  rests, 
which  IS,  in  fact,  a mycelium  composed  of  interlacing  filaments  of 
the  veyetative  part  ot  the  plant,  the  stems  and  branches  beino'  its 
repwiUchye  portion  (§  321) — -The  universality  of  the  appearance 
ot  these  simple  forms  of  F ungi  upon  all  spots  favourable  to  their 
development,  has  given  rise  to  the  belief  that  they  are  spontaneously 
producp-dby  decaying  substances  : but  there  is  no  occasion  for  this 
mode  of  accounting  for  it ; since  the  extraordinary  means  adopted 
Dy  iNatiire  tor  the  production  and  diff’usion  of  the  germs  of  these 
plants  ackquately  suffice  to  explain  the  facts  of  the  case  The 
number  of  sporules  which  any  one  Fungus  may  develope  is  almost 
incalculable;  a single  individual  of  the  puflf-ball  tribe  has  been 
computed  to  send  forth  no  fewer  than  ten  millions.  And  their 
minuteness  IS  such  that  they  are  scattered  through  the  air  in  the 
comhtion  of  the  finest  possible  dust ; so  that  it  is  difficult  to  conceive 
ot  a place  from  which  they  should  be  excluded.  This  universal  dif- 
bv'n?  several  years  ago  by  an  experiment  made 

Bristol;  who  caused  air  to  be  pumped  for  several 
lioiirs  together  through  an  inverted  siphon,  the  bend  of  which  was 
immersed  in  a freezing  mixture,  so  as  to  condense  the  aqueous 
apour  of  the  atmosphere.  This  water  at  last  came  to  be  tino-ed  of 
adeep  brown  hue;  and  was  found,  when  microscopically  examined. 

Prof  TvnW^n  1 More  recently 

thst  ""  peculiar  application  of  electric  light, 

^nat  all  ordinary  air  contains  a multitude  of  excessively  mii^iite 

SSwe  b it;  that  these,  being  for  the  Lst  part 

either Svo-  V Organic;  and  that  they  maybe 

V “ optically  p/re,” 

tLm  through  cotton  wool,  or  may  be  got  rid  of  by  allowino- 

wit^  . ® 1"  i"  chamber  whose  bottom  is  smeared 

318.  This  mode  of  explanation  has  received  further  confirmation 
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from  the  facts  Tecently  ascertained,  in  regard  to  the  great  number 
of  forms  under  which  a single  germ  may  develope  itself.  For  it  has 
been  ascertained  with  regard  to  the  Fungi  generally,  that  different 
individuals  of  the  same  species  may  not  only  develope  them- 
selves in  very  dissimilar  modes, but  may  even  bear  dissimilar  types  of 
fructification  ; and  further,  that  even  the  same  individual  may  put 
forth,  at  different  periods  of  its  life,  those  two  hinds  of  fructifica- 
tion—the  J5cisi:dio-s23oro«s,  in  which  spores  are  developed  by  out- 
growth from  free  points  (basldia),  and  the  Ascoviycetous,  in  which 
they  are  developed  in  the  interior  of  cases  {thecce  or  asci,  Fig.  205) 
—which  had  been  previously^  considered  as  separately  characterizing 
the  two  principal  groups  into  which  the  Glass  was  prim^ily 
divided.  But  the  spores  produced  from  the  ostensible  ‘ fructifica- 
tion’ in  this  Class  are  a, 11  non-sexual  or  gonidial  (§  228).  In  a 
laro-e  proportion  of  it,  nothing  whatever  is  known  of  the  true  Genera- 
tive process;  and  wherever  it  has  been  detected,  it  is  performed 
in  a manner  that  carries  us  back  to  the  simphcity  of  the  lower 
Algal  types.— Thus  the  mycelium  of  the  common  Mucor,  which 
forms  the  ‘ brown  mould’  of  bread,  preserves,  &c.,  consists  of  a ^g  e 
cell  which  fii-st  sends  forth  wide-spreading  branches  that  e^nd 
over  the  surface  on  which  it  grows,  and  then  develops  a vertical 
■pin-like  stem,  enlarging  at  its  'top  a little  globular  ‘ head,  the  cavity 
of  which  is  cut  off  from  that  of  the  stem  by  a partition,  so  as  to 
form  a separate  ‘ sporangia!’  cell,  whose  endoplasm  breaks  up  into  a 
number  of  ‘ micro-gonidia  ;’  and  every  one  of  these,  when  set  tree  by 
the  bursting  of  the  sporangium,  can  give  origin  to  a new  mycelumi. 
But  the  G-enerative  act  is  performed  in  the  mycelium  itselt;  two 
branches  of  which,  coming  into  contact  with  each  ojher  at  their 
free  extremities,  there  form  separate  terminal  cells,  the  fusion  ot 
which  unites  their  two  endoplasms  into  one  (just  as  in  the  conju- 
aation  of  Mesocarims.  § 235);  and  this,  surrounding  itself  with  a 
thick  cell-wall,  becomes  an  ‘ obsppre,_  which  may  a long 

time  in  the  dry  state  without  germinating.  It  is  by  the  formati^ 
of  qonidia,thii  a ‘mould’  whose  germ 

soil  rapidly  extends  itself  over  a large  surface ; whilst  the  carryin 
of  the  by  currents  of  air  fonns  the  chief  means  of 

its  transmission  to  a distance.-The  Penimllmm,  or  g^eeu  mould 
on  the  other  hand,  sends-up  from  its 
ramifications  of  which  subdivide  into  a briish-like 
each  of  which  bears  at  its  extremity  a succession  of  minute  bea 
termed  conicZia.  These,  detaching  themselves  and  fall^^^^^^ 
suitable  soil,  forthwith  germinate  into  “yceha;  or  diyi 
are  disseminated  by  atmospheric  cpreuts,  -vvithout  mss  o 

Here  acraln,  the  Generative  act  is  performed  m the 
mycelium  ; but  by  a somewhat  more  complex  apparatus  than  ^ 
Mucor.  One  of  its  branches  elongates,  and  coils  ..  P^g 

itself  into  a corkscrew-like  body,  the  ascogomum,  ® _ tjie 

the  female  organ;  whilst  another  branch  acts  as  the  male  ® g . ’ ^ g 
which  extends  itself  over  the  spire,  and  communicates 
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to  its  endoplasm  some  fertilizing  material  from  its  own.  The  o-erm 
thus  termed  becomes  enclosed  in  a mass  of  sterile  tissue;  and  within 
this  it  developes  itself  into  a cluster  of  asci,  each  contahiing  numerous 

gives  origin  to  a ‘ new  generation.’ 
olJ.  Ihe  ‘entophytic’  Fungi  which  infest  some  of  the  Vegetables 
i most  important  to  Man  as  furnishing  his  staple  articles  of  food 
constitute  a group  of  special  interest  to  the  Microscopist ; of  which 
a leiv  ot  the  chief  examples  may  here  be  noticed.  The  milcleiv 
• -v^ich  IS  often  found  attacking  the  straw  of  Wheat,  shows  itself 
externally  lu  the  foi-m  of  circular  clusters  of  pear-shaped  asci  or 
spore-cases  (Fig.  205),  each  containing  two  compartments  filled 

■ with  spprules;  these  (known  as  the 

. Pucciaia  graminis)  arise  from  a Piq  205 

filamentous  tissue  constituting  its 
i)iyceliu7n,  the  threads  of  which 
interweave  themselves  with  the 
tissue  of  the  straw ; and  they 
generally  make  their  way  to  the 
surface  through  the  ‘ stomata’  or 
breathing-pores  of  its  epidermis. 

‘ The  nist,  which  makes  its  appear- 
. ance  on  the  leaves  and  chaff-scales 

■ of  Wheat,  has  a fructification  that 
seems  essentially  distinct  from 
that  just  described,  consisting  of 

■ oval  spore-cases,  which  grow  with- 
out any  regularity  of  arrange- 
ment from  the  threads  of  the  myce- 
lium ; and  hence  it  has  been  con- 
iidered  to  belong  to  a different 
jenus  and  species,  Uredo  nthiqo. 
but  from  the  observations  of  Prof. 

Henslow,  it  seems  certain  that 
rust  is  only  an  earlier  form  of 
mildew;’  the  one  form  being 

Stic  of  th?  fructification  charac- 

-im  1+L  * the  two  supposed  genera  having  been  evolved  on  one 

I th«  n .TT  is  another  reputed  speeies  of  “rX 

ednf  which,  when  it  attacks  the  flower  of  the  wheat 

S of  ZtZla  "S  ““““  -otypowdeifisWn't: 

o corn-grains  are  entirely  replaced  by 

r^very  easilv  these,  l^ing  of  extreme  minuteness, 

ust  lA  aSr  extensively  diffused.  The  bmit  or  stinJeinq 

by  its  cUsAta'folnn 

•eems  generSTv  Wenbf  f^%lrts  to  any  considerable  extent 

particulai  localities  through  careless  cultivation, 
c c 


I’ucciuia  fjraminis,  or  Mildew. 


I 
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or  want  of  diie  precaution  in  the  selection  of  seed.  It  may  con- 
sidered as  certain  that  an  admixture  of  the  spores  of  any  ot  these 
Funo-i  with  the  corn-grains  will  endanger  the  plant  raised  trom 
them : but  it  is  equally  certain  that  the  fungi  have  little  tend^cy 
to  develope  themselves  in  plants  that  are  vegetating  wim  periec 
healthfulness.  The  wide  prevalence  of  such  blights  in  bad  season s 
is  not  difficult  to  account  for,  if  it  be  true  (as  the  observations  of 
Mr  John  Mar.shall  several  years  since  rendered  probable)  that 
there  are  really  very  feio  wheat-grains,  near  the  points  of  which  one 
or  two  sporules  of  Fungi  may  not  be  found,  entangled  among  their 
minute  hairs;  and  it  may  be  fairly  surmised  that  these  germs 
remain  dormant,  unless  an  unfavourable  season  should  favour 
their  development  by  induemg  an  unhealthy  condition  of  the 
wheat-plant.— The  same  general  doctrine  probably  applies  to  the 
Feronospora,  which  has  a large  share  in  the  procliiction  of  the 
“Potato-disease;”  and  to  the  Oiditim,  which  has  a lihe  relation  to 
the  “Vine-disease”  that  was  prevalent  for  some  years  through  the 
south  of  Europe.  There  seems  no  doubt,  that  in  the  fully  d^eloped 
disease  the  Fungus  is  always  present;  and  that  its  growth  and 
multiplication  have  a large  share  in  the  increase  and  extension  of 
the  disorder,  just  as  the  growth  of  the  Yeast-plant  excites  a,nd 
accelerates  fermentation;  while  its  reproduction 
to  be  indefinitely  extended  through  its  i^istrumentality.  ButjM 
as  the  Yeast-plant  will  not  vegetate  save  in  a fermentible  fluid 
that  is,  in  a Solution  which,  in  addition  to  sugar,  contams  some 

decomposable  nitrogenous  "and  V^^^^ 

considm-ation  of  all  the  phenomena  of  the 

that  neither  the  Peronospora  of  the  one  nor  the  Oidium  ot  tne 
Sev  will  vegetate  in  perfectly  healthy  plants ; but  that  a 
pfindition  induced  either  by  forcing  and  therefore  unnatural 
systems  k cultivation,  or  by  unfavourable  seasons,  or  by  a com- 
bination of  both,  is  necessary  as  a ‘ pre^sposing  cond'tiom  Th 
Dinaiiunu  , Potato-disease,  IS  said  by  Prof.  De 

pTii  rconsiJt  uX  thinness  of  the  cuticle,  accompani^ 

penetrate  to  its  interior,  though  otherwise  germinating  onl)  on 

surface^  those  lower  foirnis  of  this  Class  which  have  been  now 
described  tiiere  L not  usuaUy  any  complete  separation  betwo  u 
the  Nutritive  or  vegetative,  and  the 

fnbric  Put  such  a separation  malces  itseU  apparent  m e s 
Sto  in  n very  cu|ous  mode.  JoT.f 
IS  Mushrooms,  Toadstools,  Puff-balls,  &c.,  consis  , 
nhiing  else  than  the  organs 
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at  Leaving  no  intimate  connexion;  and  this  has  such  an  inde- 
liteness  of  form,  and  varies  so  little  in  the  different  tribes  of 

A Fig.  206.  n 


l-fc  ^tcidium  tu^silaginis : — A,  portion  of  the  plant  magnified;  b,  section  of  one 
of  the  conceptacles  with  its  spores. 

determination  of  species,  genus,  or  even  family, 
I aid  be  certainly  made  from  it  alone.  A true  Generative  process 

Fig.  207. 


Clavuria  crispula: — «,  portion  of  the  mycelinm  magnified. 

•^^®^^therto  been  detected  with  certainty  in  these  higher  Fungi, 
hough  it  has  been  supposed  by  some  observers  to  be  carried-ou 
the And  their  Life-history^  needs  now  to  be  carefully 
studied,  with  all  the  assistance  derivable  from  our  increased 
owledge  of  the  simpler  types  of  the  group,  and  with  the  shill 
■ich  can  only  be  acquired  by  considerable  practice  in  Micro- 
)picai  investigation. — The  subject, however,  is  one  of  such  peculiar 
-cia  that  jt  can  not  be  advantageously  pursued  further  in  a 
70^^®  hke  the  present. 

V ■ eminent  Botanists  still  rank  in  the  Fungal  series  o£ 

i-a  yQTj  peculiar  group,  the  Myxo'imjcetes,  the  mem- 

wnich  pass  a large  part  of  their  lives  in  a state  of  what 

c c 2 
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can  scarcely  be  otherwise  described  than  as  one  of  Animal  exist- 
ence. They  grow  parasitically  upon  decayed  wood,  bark,  heaps  of  ^ 
decaying  leaves,  tan-beds,  &c. ; spreading  over  damp  surfaces  as  a j, 
flasmodium,  or  network  of  naked  protoplasmic  filaments  (Fig.  208, 
a),  of  a soft  creamy  consistence,  and  usually  of  a yellowish  colour. 

Fig.  208. 


Development  of  Myxomyeetes : — ^A,  plasmodium  of  Didyninm  serpula , — 
B,  successive  stages,  c,  a',6,  of  sporosacs  of  Arcyriajlava ; — C,  ripe  spore 
oi Physarum  album-,  n,  its  contents  escaping:  e, F, o,  the  swarm-spore 
first  becoming  flagellated,  and  then  amoeboid ; H,  conjugation  of  two 
amceboids,  which  at  i have  fused  together,  and  at  J are  beginning  to 
put  out  extensions  and  ingest  nutriment,  of  which  two  pellets  are  seen 
in  its  interior. 


'J'he  filaments  of  this  network  exhibit  active  undulatory  movementf 
Avhich  in  the  larger  ones  are  visible  under  an  ordinary  lens,  or  eve 
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to  the  naked  eye,  but  which  it  requires  microsco]Dic  power  to 
discern  in  the  smaller.  With  suflficiently  high  amplification,  a 
yonstant  movement  of  granules  may  be  seen  flowing  along  the 
threads,  and  streaming  from  branch  to  branch.  Here  and  there 
otfshoots  of  the  protoplasm  are  projected,  and  again  withdrawOj  in 
the  manner  of  the  pseudopodia  of  an  Amoeba;  while  the  whole 
organism  may  be  occasionally  seen  to  abandon  the  support  over 
which  it  had  grown^  and  to  creep  over  neighbouring  surfaces,  thus 
tar  resembling  in  .all  respects  a colossal  ramified  amoeba.  It  is 
also  curiously  sensitive  to  light,  and  may  sometimes  be  found  to 
have  retreated  during  the  day  to  the  dark  side  of  the  leaves  or  into 
■the  recesses  of  the  tan  over  which  it  had  been  growing,  and  again 
to  creep  out  on  the  approach  of  night. — After  a time  there  arise 
from  the  surface  of  this  ‘plasmodium  oval  capsules  or  sporangia 
(b,  a,  a',  b),  within  which  the  reproductive  bodies  or  ‘spores’  are 
developed,  and  which  burst  when  mature  to  give  them  exit.  Each 
spore  is  a spherical  cell  (c)  enclosed  in  a delicate  membranous 
wall ; and  when  it  falls  into  water  this  wall  undergoes  rupture  (d), 
and  an  Amceba-like  body  (e)  escapes  from  it,  consisting  of  a little 
mass  of  protoplasm,  with  a round  central  nucleus  enclosing  a 
aiicleolus,  and  a contractile  vesicle.  This  soon  elongates  (e),  and 
o^omes  pointed  at  one  end,  whence  a long  fiagelhim  is  put  forth, 
me  lashing  action  of  which  gives  motion  to  the  body.  After  a 
.lUne,  the  flagelluni  disappears,  and  the  active  movements  of  the 
ipore  cease ; but  it  now  begins  to  put  forth  and  to  withdraw  finger- 
ike  pseudopodia,  by  means  of  which  it  creeps  about  like  an  Amoeba, 
ind  feeds,  like  that  Ehizopod,  upon  solid  particles  which  it  engulfs 
vithin  its  soft  protoplasm.  A ‘ conjugation’ then  takes  place  be- 
•ween  two  of  these  Myxamoebce  (h),  their  substance  undergoing  a 
\ (^)’  which  extensions  are  put 

onu  (K),  that  constitute  the  beginning  of  a new  plasmodium. 

L 13  contmues  to  grow  by  the  ingestion  and  assimilation  of  the 
oua  nutnment  which  it  takes  into  its  substance ; and,  by  the 
ami  cation  and  inosculation  of  these  extensions,  a network  is 
rmed  resembling  that  from  which  it  originated,  to  bear  sporangia 
‘>.50  ^ cycle  will  commence, 

ho  n'r  certain  conditions  not  yet  jierfectly  understood, 

observed  to  pass  from  the  active 
noroa  I occur  both  in  the  amoeboid 

irm  o 1 plasmodium.  The  former  return  to  the  spherical 

envelope;  and  in  this 
3 cbiHf  they  may  be  dried-up  so  as  to  be  carried  about 

ater  their  original  activity  when  again  placed  in 

tatf*  if  plasmodium  is  about  to  pass  into  the  ‘resting’ 

8 mav  h!  i branches,  and  expels  such  solid  ingesta 

lieu  effhor  f motions  then  gradually  cease.  It 

owever^  rn  ^ multitude  of  polyhedral  cells  (?),  which, 

rittle  TTinct^f'^  connected  m one  body,  that  dries  into  a horny 
ermed  sclerotium or  separates  into  a number  of 
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fragments  of  une(jual  size,  which  tahe  a spherical  form  and  liecome 
‘ encysted  ’ in  a double  envelope.  Both  these  ‘ resting  forms  may 
undergo  desiccation  without  the  loss  of  their  vitality.  When,  after  i 
many  months,  the  dry  sclerotium  is  placed  in  water,  it  swells  up. , 
and  its  cells  (?)  again  flow  together  into  a protoplasmic  mass,  winch  t 
soon  resumes  its  former  life  as  a plasmodium.  So  when  the  thick- 
walled  cysts,  after  being  long  desiccated,  are  placed  in  water,  their  j 
cysts  rupture,  and  their  protoplasmic  bodies  issue  forth,  to  lead  the  I 
life  of  Hmce&ce,  and  to  form  fresh  plasmodia,  either  by  themselves,  j 
or  by  fusion  with  other  like  bodies.*  _ ' 

324  Another  most  interesting  connecting  link  between  the| 
Vegetable  and  Animal  kingdoms,  is  an  organism  discovered  by 
Mr.  W.  Archei't — sometimes  witliin  the  leaf-cells  of  Sphagnum 
(S  329),' and  sometimes  attached  to  the  surface  of  its  leaves-to 
which  he  has  given  the  name  of  Ghlamidomyxis  lahyrinthmm>‘ 
(Fio-.  209).  In  its  early  condition,  whilst  still  inhabiting  the  Sph^- 
num-cells,  this  parasite  resembles  a large  thick-walled  Vegetable 
cell,  with  either  green  or  red  cell-contents  ; and  is  tound  to  insist 
of  a firm  many-layered  envelope  which  shows  a distinctly-ceWwwsc 
reaction,  enclosing  a colourless  hyaline  substance,  through  ^ 
great  multitude  of  granules  are  dispersed,  some  of  them  of  a bngM 
?ed,  and  others  of  a yellowish- green  colour,— the  numbers  of  the 
two  bearing  so  constant  an  inverse  proportion  to  each  other,  as  w 
make  it  likely  that  the  red  are  produced  by  a colour-change  m the 
green.  If  this  state  alone  were  known  to  us,  we  should  have  no 
hesitation  in  regarding  the  organism  as  a Yeoetahle  cell,  the  endo- 
plasm’of  which  consists  of  protoplasm  with  chlorophyU-gianuleb 

dispersed  through  it.  But  as  it  augments  in  size,  it 

bulging  of  the  waU  of  the  Sphagnum- cell,  by  the 

it  makes  its  way  to  the  surface;  and  a new  stage  in  its  Instorv 

then  commences.  Though  the  many-layered  cellulose  waU  i 

firm  as  to  resist  a considerable  amount  of 

bursts  open  from  within,  and  the  endoplasm  then 

carrying  with  it  its  imbedded  granules.  The 

almost  directly  that  it  leaves  the  cell-cavity,  begins  to 

into  branches,  from  which  others  are  put  forth ; ^ 

tinued  ramification  and  the  inosculation  tenuity 

tended  network  is  formed,  consisting  of  threads  of  extr 

In  constant  motion  along  these  are  seen  minute  fusifoim  p 


study  of  it  will  bo  found  in  his  admiiuble  r“_  » gd.  iii- 

goschichto  dor  Myxomycoteu,’in  Pringsheims  ‘Ja^  „ 

pp.  325,  400,  and  ‘ Ueber  einigo  Rhizopodeu  und  j:,^ged  to  rani 

Ji^ArchiV  f.  Mikr.  Anat.,”  Ed.  xii.  (1870),  p 

this  group  in  tho  Animal  kingdom.  On  t fther  hai^^d  I rot.  cac 
high  Botamcal  authorities  continue  to  rMk  it  among  1 S- 

t “ Q»arf.  Journ.  of  Microsc.  Science,”  Vol.  xv.  (18/e;,  P- 
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1^  )t  ca  bluish-green  colour,  which  are  obviously  identical  with  the 
Guild  granules  of  the  central  mass,  these  changing'  their  shajDe  as 


Fig.  209, 


I 


tending  protoplasmic  mass  i 

work  whoso  thi-m  i ° ™ptured  cellulose  envelope,  aucl  forming  a n 

by  fusiform  particles;  a,  «,  isolal 
the  protoplasmij  Ss.  ’ Navicula  about  to  bo  drawn  ii 


y S forth  to  wander  along  the  filaments. 


Sometimes  the  pro- 
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toplasm  accumulates  in  particular  spots,  forming  ‘islands’  (a,  a), 
eacli  of  which  may  become  a centre  of  fresh  radiation  for  hyaline 
threads.  These  accumulations  frequently  take  place  round  Diatoms, 
Desmids,  or  other  minute  Vegetable  organisms  [b) ; which,  being 
thus  imbedded  in  the  extensions  of  the  protoplasmic  body,  are 
drawn  towards  it  by  their  retraction,  and  at  last  engulfed  withm 
it.  It  would  appear  that  the  whole  of  the  protruded  endoplasm 
may  be  retracted  into  the  original  cell- cavity,  and  that  this  may 
be  closed  up  again  by  the  formation  of  a new  layer  of  cellu  ose 
within  the  old ; for  the  indigestible  parts  of  various  organisms, 
that  must  have  been  introduced  in  the  manner  just  described,  are 
often  distinguishable  through  the  walls  of  completely  closed-m 
specimens.  Mr.  Archer  has  been  unable  to  detect  a nucleus, 
either  in  the  body  of  his  Ghlamidomyxis,  or  in  any  of  its  extensions; 
but  ‘ contractile  vacuoles,’  executing  pretty  regular  rhythmical 
movements  are  to  be  seen,  not  only  in  the  body  and  primap^ 
stem  (in  which  they  are  usually  very  numerous),  but  Mso  in  tne 
branches,  and  not  unfrequently  in  the  ‘islands  also.  _ thus  in  its 
extended  condition  this  creature  leads  a life  whmh  is  essentially 
Animal,  corresponding  in  every  particular  wvfc  that  the  reti- 
cularian’  Bhizopods  hereafter  to  be  described  (Chap.  x.).  ^othingis 
yet  known  of  its  Eeproduction.  Mr.  Archer  has  met  with  large  indi- 
viduals, the  contents  of  whose  many-layered  cellulose  waU  had 
divided  itself  into  a number  of  smaller  orange- coloured  spheres,  ot 
nearly  equal  size,  each  of  which  had  its  own  cellulose  wall ; and  it 
can  scarcely  be  doubted  that  on  the  escape  ot  these  from  the  parent 
cyst,  each  would  lead  an  independent  life  resembhng  _ia  ^ 

progenitor.  It  seems  probable,  moreover,  that  the  outlju  ^ 
of  the  protoplasmic  extension  may  detach  themselves  and  live  i - 
pendently,  each  forming  a cellulose  envelope  for  itself. -^But  untu 
‘conjugation’  or  some  other  kind  of  sexual  union  shall  have  been 
discovered  in  this  curious  organism,  we  cannot  be  I \ 

whole  life-history ; and  the  peculiar  interest  which  attaches  t 
the  lurthVr  rtucly  of  it  in  the  highest  degree 
maybe  hoped  that  the  excellent  observer  by 
brought  to  our  knowledge,  may  ere  long  find  hmiselt  able  to  supply 

^^yS^^LTcuEN^-The  Microscopic  study  of  this  group  has^la^^^^^^^ 
acquired  a new  interest  for  the  Botanist,  fiom 
diSioveiy  announced  in  its  complete  form  by  of 

(and  now  accepted  by  the  highest  authorities),  that 
constituting  a special  type  of  Thallophytcs,  1?^^^  ® p^ngi 

which  they  correspond  in  their  vegetative  cnaracH  . ) • ,,  ^ 

(to  which  they  are  more  _ allied  in  /ntcD^ca/tOJi),  t pasefon 

be  regarded  as  com])Osite  structures,  having  a o •j'pn’’ 

SCO  1,1«  mcmorcMo  work  “ 


oraUlo  woric  " ueoei  uio  , nnKnv  ” 

(Dasci'ribG!)),  which  is  said  by  Prof.  Sachs  (‘‘Text-book  of 
Kto  seutd  for  tiro  lulor.  th.  i.lao.  o Lr« 

!iu(i  Sir  J.  D.  Hooker  s Presidential  Address  to  tho  Koyai  d . 
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which  Ascomycetons  Fungi  (§  318)  h<ave  sown  themselves  and  live 
parasitically.  As,  however,  they  do  not  furnish  objects  of  interest 
to  the  ordinary  Microscopist  (the  peculiar  density  of  their  structure 
rendering  a minute  examination  of  it  more  than  ordinarily  difficult), 
nothing  more  than  a general  account  of  their  curious  organization 
will  here  be  attempted. — The  Algal  ‘ thallus’  of  a Lichen  belongs  to 
the  group  of  PalmellacecB  (§  243)  or  its  allies  ; and  consists  of  cells 
termed  gonidia  usually  green,  but  sometimes  red  or  bluish-green — 
interspersed  among  long  cellular  filaments.  The  proportion  between 
these  two  components  of  the  thallus  varies  in  different  examples 
of  the  type.  Thus,  in  the  simplest  Wall-lichens,  the  Palmella-like 
primordial  cell’  gives  origin,  by  the  ordinary  process  of  cell- 
dmsion,  to  a single  layer  of  cells,  which  spreads  itself  over  the 
stony  surface  in  a more  or  less  circular  form ; and  the  ‘thallus,’  which 
increases  in  thickness  by  the  formation  of  new  layers  upon  its  free 
surface,  has  no  very  defined  limit,  and,  iu  consequence  of  the  slight 
adhesion  of  its  components,  is  said  to  be  ‘ pulverulent.’  But,  in  the 
more  complex  forms  of  Lichens,  the  thallus  is  mainly  composed  of 
ong  fibre-cells,  which  dip  down  into  the  superficial  layers  of  the 
bark  of  the  trees  on  which  they  grow,  and  form  by  their  inter- 
weaving a hard  crustaceous  ‘ thallus’  in  which  the  gonidia  are 
imbedded,  sometimes  irregularly,  sometimes  in  definite  layers, 
covered  by  an  envelope  of  interlacing  filaments.  It  is  from  this 
gcU  portion  of  the  structure,  that  the  soredia  of  Lichens  are 
ormed;  which  are  little  projections  of  the  surface,  composed  of 
single  or  aggregate  gonidia,  invested  by  fibre-cells,  and  falling, 
when  dry,  into  a powder,  of  which  every  particle  is  a bud,  capable 
,y®P^°d^cing  the  plant  from  which,  it  proceeded, 
owb.  fructification  of  Lichens,  on  the  other  hand,  is  really 
the  production  of  their  Fungal  overgrowths,  which  are  nourished  by 
-he  Algal  vegetation.  The  Lichen-forming  Fungi,  in  fact,  live  upon 
-611  Algal  hosts,  like  the  Entophytic  Fungi  (such  as  the  ‘ blights  ’ 

4 corn,  § 219)  which  infest  the  higher  forms  of  Vegetation; 


iormer  choosing  its  own  Alga,  just  as  the  latter  mostly 
particular  victims.  “ The  peculiarity  in  the 
Lichen-fungi  lies  iu  the  fact  that  they  are  not 
mt  externally  at  any  one  particular  spot,  and  do 

■nplnao  ^ cells,  but  weave  themselves  round  them,  and 

brmatioW  r hyphal  tissue.”  (Kachs,  loc.  cU.)-The 

snmppn  « sexually  produced  ‘spores’  takes  place  in  asci  or 

vertically  in  the  midst  of  straight  elongated 
>n  thp  « V form  a layer  that  lies  either 

:omnlLwtp^  receptacles  termed  apothecia,  or  is 

1- definitp^i  1 ®®^  p'^^fhin  perithecia.  Each  of  the  asci  contains 
•f  twof  wbiVb  o®''  1 l^^sually  eight,  but  always  a multiple 

md  their  emi’a  ' P^ejected  from  the  receptacles  with  some  force ; 
noisture  unrm^+^^’  which  seems  to  be  due  to  the  different  effects  of 
ontinurnmfv  f ^ layers  of  the  receptacle,  is  often  kept  uji 

ontinuously  for  some  time.  The  formation  of  these  asci,  as  in  the 
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case  of  the  ordinary  Ascomycetes  (§  318),  is  the  result  of  a sexual 
union,  which  takes  place  between  the  male  spermaiia  and  the 
female  tricliogyne.  These  spermatia  are  produced  within  spernio- 
gonia,  which  resemble  on  a very  minute  scale  the  male  receptacles 
of  the  Fucacece  (§  328) ; being  budded  ofi  from  the  exterior  of  the 
cellular  filaments  that  line  those  cavities,  and,  when  mature, 
escaping  in  great  numbers  from  their  orifices.  Having  no  power  of 
spontaneous  movement,  they  must  probably  be  conveyed  by  the 
infiltration  of  rain-water  to  a iriclwgyne  (resembling  that  of  the 
Geramiacem,  § 330)  which  lies  imbedded  in  the  tissue  beneath ; and 
when  they  have  imparted  their  fertilizing  influence  to  the  contents 
of  the  ascogonium  at  its  base,  these  develope  themselves  into  a, 
spore-bearing  apotliecium, — the  whole  mass  of  spores  which  this 
contains  being  the  product  of  the  cell-division  of  the  originally 
fertihzed  ‘ oospore.’ 


CHAPTER  yill. 


IIICHOSCOPIC  SmUCIURE  OP  HIGHER  CRYPTOGAMIA. 

327.  Prom  the  simple  Protophytes,  whose  minuteness  causes 
their  entire  fabrics  to  be  fitting  objects  for  J\Iicroscopic  examina- 
tion, we  pass  to  those  higher  forms  of  Vegetable  life,  whose  larger 
dimensions  require  that  they  should  be  analyzed  (so  to  speak)  by 
tlm  examination  of^  their  separate  parts.  And  in  the  present 
Chapter  we  shall  bifing  under  notice  some  of  the  principal  points 
of  interest  to  the  Microscopist  which  are  presented  by  the  Grypto- 
ya/iYiic  series ; commencing  with  those  simpler  AlgEe  which  scarcely 
rank  higher  than  some  of  the  Protophytes  already  described,  and 
Perns  and  their  allies,  which  closely  abut  upon  the 
Ihcm^’oyaynia  or  Plowering  Plants.  In  ascending  this  series,  we 
shall  have  to  notice  a gradual  dijferentiation  of  organs;  those  set 
apart  for  Reproduction  being  in  the  first  place  separated  from  those 
appropnated  to  Nutrition ; while  the  principal  parts  of  the  Nutri- 
ive  apparatus,  which  are  at  first  so  blended  into  a uniform  expan- 
sion or  that  no  real  distinction  exists  between  root,  stem, 

and  leaf,  are  progressively  evolved  on  types  more  and  more  peculiar 
eacm  respectively,  and  have  their  functions  more  and  more 
limited  to  themselves  alone.  Hence  we  find  a ‘ differentiation,’  not 
merely  in  the  external  form  of  organs,  but  also  in  their  intimate 
s ; its  degree  bearing  a close  correspondence  to  the  deg^ree 

in  wiich  their  functions  are  respectively  specialized  or  limited  to 
pa  icular  actions.  But  this  takes  place  by  very  slow  gradations ; a 
ange  or  external  form  often  showing  itself,  before  there  is  any 
aecided  differentiation  either  in  structure  or  function.  Thus  in  the 

'^^atever  may  be  the  extent  of  the  thallus, 
jy  ^3,3  exactly  the  same  structure,  and  performs  the  same 

living  for  and  by  itself  alone.  And 
’'vhen  we  pass  to  the  higher  Sea- weeds,  such  as  the  common 
Aawmarm,  we  observe  a certain  foreshadowing  of  the 
imuprfo^+f  between  Root,  Stem,  and  Leaf,  this  distinction  is  very 
for  liHlo  J earned  out ; the  root-Hke  and  stem-like  portions  serving 
of  tip  ^ attachment  of  the  leaf-like  part 

nutrimpnf  ^ ^4.  absorbing  and  assimilating  its  own 

portion  of  fE  f po  transmission  of  fluid  takes  place  from  one 
from  tbp  ai  another.  There  is  not  yet  any  departure 

beintr  thnf  n?  ® cellular  type  of  structure ; the  only  modification 
<lifferent  ^ several  layers  of  cells,  where  many  exist,  are  of 
3 and  shapes,  the  texture  being  usually  closer  on  the 
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exterior  and  looser  witliin ; and  that  the  texture  of  the  stem  and 
roots  is  denser  than  that  of  the  leaf -like  expansions  or  fronds,  ihe 


A. 


Fig.  210. 

u 


A Temiinal  portioB  of  braucli  of  Sphncelnria  cirrhosa ; is, 
lateral  branchlet  of  S.  tribuloides,  the  terminal  cell  of  which  is 
emitting  autherozoids. 


aronp  of  Melanospermous  or  olive-green  sea-weeds,  which  in  the 
family  Fucaceos  exliibits  the  highest  type  of  Algal  structure, 
presents  us  with  the  lowest  in  the  family  EctocarpoA^ece ; 
notwithstanding,  contains  some  of  the  most  elegant  , 

are  anywhere  to  be  found  in  the  group,  the  full  beauty  of  w 
can  only  be  discerned  by  the  hlicroscope.  Such  is  the  case, 
example,  with  the  Sphacelaria,  a small  and  dehcate  sea-we^. 
which  is  very  commonly  found  parasitic  upon  larger  Algae, 
near  low-water  mark,  or  altogether  submei^ged ; its  geneml  t ^ 
being  remarkably  characterized  by  a symmetry  that 
the  fndividual  branches  (Fig.  210,  a),  the  ends  of 
have  a decayed  look  that  seems  to  have  sugge^ed  the  name 
gen™  (fron/the  Greek  pngrene).  This  app<«n^^, 

really  consists  in  the  resolution  ot  the  endochrome  of  the  te 
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cells  into  antlierozoids,  wlaicii,  when  mature,  escape  by  an  opening 
with  a long  tubular  nech,  which  forms  itself  in  the  wall  of  the 
sphacela.  The  same  happens  with  the  terminal  cells  of  the  peculiar 
lateral  branchlets,  which  are  known  as  propagative  buds;  as  is 
shown  at  b.  The  germ-cells  have  not  been  certainly  recognised ; 
but  they  are  believed^  to  be  produced  in  what  have  been  considered 
as  propagative  buds  in  other  individuals. 

328.  In  the  Fucacece,  the  Generative  apj)aratus  is  contained  in 
the  bulbose  ‘ receptacles,’  which  are  borne  at  the  extremities  of  the 
ironds.  In  some  species,  as  the  Fit,ms  platycarpus,  the  same  recep- 
tacles contain  both  ‘ sperm-cells’  and  ‘ genn-cells;  ’ in  others,  these 


Fig.  211. 


the  oogoniaconUininirtosporL. 

Hrme'S  tSt  receptacles  on  the 

plant,  whilst  m the  commonest  of  all,  F.  vesimlosus  (bladder- 
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wvack),  they  are  Hmited  to  different  individuals.  When  a section 
is  made  through  one  of  the  flattened  receptacles  of  F.  platycarjmH, 
its  interior  is  seen  to  he  a nearly  globular  cavity  (Fig.  211),  lined 
with  fllamentous  cells,  some  of  which  are  greatly  elongated,  so  as 
to  project  through  the  pore  by  which  the  cavity  opens  on  the  sur- 
face. 'Among  these  are  to  be  distinguished,  towards  the  period  of 
their  maturity,  certain  fllaments  (Fig.  212,  a),  whose  granular  con- 
tents acquire  an  orange  hue,  and  gradually  shape  themselves  into 
oval  bodies  (b),  each  with  an  orange-coloured  spot,  and  two  long- 
thread-hke  appendages,  which,  when  discharged  by  the  rupture  of 
the  containing  cell,  have  for  a time  a rapid  undulatory  motion. 

Fig.  212. 


Antlieridia  and  antherozoids  of  Fncus  ])lati/carpus  :—A, 
brandling  articulated  hairs,  detached  from  the  walls  of  the 
receptacle,  bearing  antheridia  in  different  stages  of  develop- 
ment ; B,  antherozoids,  some  of  them  free,  others  still  included 
in  their  antheridial  cells. 


whereby  these  ‘ antherozoids  ’ are  diffused  through  the  suiTOundmg 
liquid  Lying  amidst  the  filamentous  mass,  near  the  walls  of  the 
cavity,  are  seen  (Fig.  211)  numerous  dark  pear-shaped^  bodies, 
which  are  the  oogonia,  or  parent-cells  of  the  ‘ germ-cells.  Eacli^ 
of  these  oogonia  gives  origin,  by  binary  subdivision,  to  a cluster 
of  eight  germ-cells  or  odspheres,  wnich  is  thence  known  as  an  ‘ octo- 
snore  •’  and  these  are  liberated  from  their  envelopes  before  the  act 
of  fertilization  takes  place.  This  act  consists  in  the  swarming  ot 
the  antherozoids  over  the  surface  of  the  odspheres,  te  which  they 
communicate  a rotatory  motion  by  the  vibration  of  their  own  hla- 
ments.  In  the  hermaphrodite  Fuci  it  takes  place  within  the  rc^P* 
tacles  so  that  the  odspheres  do  not  make  their  exit  from  the  cavity 
u^til  after  they  have  been  fecundated  ; but  in  the  monoecious  and 
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dioecious  species,  each  kind  of  receptacle  separately  discharges  its 
contents,  which  come  into  contact  on  their  exterior.  The  anthe- 
ridial  cells  are  usually  ejected  entire,  but  soon  rupture  so  as  to 
give  exit  to  their  filaments ; and  the  ‘ octospores  ’ separate  into 
their  component  odspheres,  which,  meeting  with  antherozoids,  are 
fecundated  by  them.  The  fertilized  oospores  soon  acquire  a new 
and  finner  envelope;  and,  under  favourable  circumstances,  they 
speedily  begin  to  develope  themselves  into  new  plants.  The  first 
change  is  the  projection  and  narrowing  of  one  end  into  a kind  of 
footstalk,  by  which  the  oospore  attaches  itself,  its  form  passing 
from  the  globular  to_ the  pear-shaped ; a partition  is  speedily  observ- 
able in  its  interior,  its  single  cell  l^eing  subdivided  into  two ; and 
by  a continuation  of  a like  process  of  dupheation,  first  a filament 
and  then  a frondose  expansion  is  produced,  which  gradually  evolves 
itself  into  the  likeness  of  the  parent  plant. 

329.  The  whole  of  this  process  may  be  watched  without  diffi- 
culty, by  obtaining  specimens  of  F.  vesiculos2is  at  the  period  at 
which  the  fructification  is  shown  to  be  mature  by  the  recent  dis- 
charge of  the_  contents  of  the  conceptacles  in  little  gelatinous 
masses  on  their  orifices  ; for  if  some  of  the  spores  which  have 
been  set  free  from  the  olive-green  (female)  receptacles  be  jfiaced  in 
■a  drop  of  sea-water  in  a very  shallow  cell,  and  a small  quantity  of 
the  mass  of  antherozoids,  set  free  from  the  orange-yellow  (male) 
receptacles,  be  mingled  with  the  fluid,  they  will  speedily  be  observed, 
■mth  the  aid  of  a ma.gnifying  power  of  200  or  250  diameters,  to  go 
through  the  actions  just  described;  and  the  subsequent  processes 
of  germiuation  may  be  watched  by  means  of  the  ‘ growing-slide.’* 
The  winter  months,  from  December  to  March,  are  the  most  favour- 
able for  the  observation  of  these  xffienomena;  but  where  Fuci 
abound,  some  individuals  will  usually  be  found  in  fructification  at 
almost  any  period  of  the  year.— Even  in  the  Fucacece,  according 
to  recent  observations,  a mnltiphcation  by  ‘ zoospores,’  like  that  of 
UmacefB  (§  245),  also  takes  place;  these  bodies  being  produced 
^tmn  certain  of  the  cells  that  fonn  the  superficial  layer  of  the 
trond,  and  swimming  about  freely  for  a time  after  their  emission, 
until  they  fix  themselves  and  begin  to  grow.  That  they  are  to  be 
considered  as  (jemmcB  (or  buds),  and  not  as  generative  products, 
apiiears  certain  from  the  fact  that  they  will  vegetate  without  the 
assistance  of  any  other  bodies  ; whereas  the  antherozoids  of  them- 
coine  to  anything ; while  the  octosiDores  undergo  no 

Thuret  has  experimentally 
ascertained)  if  not  fecundated  by  the  antherozoids. 

finrl  -o-n  . , Ehodospermece,  or  red  Sea-weeds,  also,  we 

nrmir.  most  beautifnl  forms,  which  connect  this 

CluJnnln^-n  ^ “1°^®  ®]®''’^^®'^\I’i‘otophytes,  especially  with  the  family 
belonafn  (§256);  such  delicate  feathery  or  leaf-like  fronds 
^ o r he  most  part  to  the  family  CeramiacecB,  some  members 

the  thin  glass 

odies  beneath,  M'hose  movements  it  'will  otherwise  impede. 


! 
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ot*  winch  arc  found  upon  every  part  of  our  coasts,  attached  either 
to  rocks  or  stones  or  to  larger  Algas,  and  often  themselves  attord- 
ing  an  attachment  to  Zoophytes  andPolyzoa.  They  chietiy  live  m 
deeper  water  than  the  other  sea-weeds ; and  their  nchest  tints 
are  only  exhibited  when  they  grow  under  the  shade  ot  pro3ectmg 
rocks,  or  of  larger  dark-coloured  Algae.  Hence  in  growing  tliem 
ai-tificially  in  Aquaria,  it  is  requisite  to  protect  them  trom_  an 
excess  of  light;  since  othenvise  they  become  unlieal^^^^  VanouK 
species  of  the  genera  Cerarmum,  Grijjitlisia,  Calhtlicmnnion,  and 
mioia,  are  extremely  beautiful  objects  for  low  powers,  when 

mounted  in  glycerine  jelly  .-The  only  mode  of  propagation  which 
was  until  recently  known  to  exist  in  t^s  group,  is  the  production 

and  liberation  of  ‘ tetraspores  ’ (Fig.  213,  b),  formed  by  the  binary 

Fig.  213. 


to  be  seen  at  the  same  view.) 

suMiTOion  of  the  SS 
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the  fii  &t,  the^  spores^  forming  the  tetraspore  are  arranged  in  linear 
series ; but  if  its  direction  is  transverse  to  that  of  the  first,  tlie 
four  spores  cluster  together.  These,  when  separated  by  the  rupture 
of  then  envelope,  do  not  comport  themselves  as  ‘ zoospores,’ but, 
being  destitute  of  jn-opulsive  organs,  are  passively  dispersed  by  the 
motion  of  the  sea  itself.  Their  production,  however,  taking  place 
by  simple  pell-division,  and  not  being  the  result  of  any  form  of 
sexual  conpinction,  the  tetraspores  ’ of  the  Uliodospermece  must 
be  regarded,  bke  the  ‘ zoospores  ’ of  the  Ulvacea^,  as  gonidia,  ana- 

logons  ia.th.er  to  the  utids  than  to  the  sBsds  of  liighei*  Plants. It  is 

now  known  that  a true  Generative  process  takes  place  in  tliis  group  • 
but  the  se:mal  organs  are  not  usually  found  on  the  plants  which 
produce  tetraspores;  so  that  there  would  appear  to  be  an  alterna- 
tion between  the  two  modes  of  propagation.  Antheridial  cells  are 
toimd,  sometimes  on  the  general  surface  of  the  frond,  more  com- 
monly  at  the  ends  of  branches,  and  occasionally  in  special  concep- 
tacles._  Their  contents,  however,  are  not  motile  ‘ antherozoid^  ’ 
but  mmute  rounded  particles  having  no  power  of  spontaneous 
movement  Sometimes  on  the  same  individuals  as  the  antheridia 
Lli!  sometimes  on  different  ones,  are  organs  that  curiously  pre- 
' the  pistil  in  flowenng  plants  ; each  consisting  of  a projecting 

U cluster  of  cells  from  which  arises  a long  cell-tube  termed  the 

IhfSc^d  attachment  of  one  of 

prticles  to  the  tnchogyne,  the  walls  of  which  are 
' . that  spot,  so  that  the  fertiHzing  material  passes  down 

‘ ^ 5 and  ‘ oospores  ’ are  thus 

rmed  eithei  among  these  or  in  adjacent  cells. — In  the  time 
ym-flZlmes,  which  are  A/wdosperms  whose  tissue  is  consolidated  by 

: shaped  case,  furnished  with  Fig.  214. 

a pore  at  its  summit,  and 
containing  a tuft  of  pear- 
shaped  spores  arising  from 
the  base  of  its  cavity. 

331.  Hqxdicce.  ~ Quitting 
now  the  Algal  type,  and 
: 1 entering  the  series  of  Ter- 
^'^rptogams,  we  have 
■ J notice  the  little  group 
^ -HepG/tece  or  Liverworts, 
which  is  intermediate  be- 
I ’ ^66n  Lichens  and  ordinary 

rather 

with  the  Algal  thallus  of  the 
nrmer  in  its  general  mode  of 


Frond  of  Mctrrliavtia  jwJymorpha,  ivitli 
gemmip-arous  concept.iclos,  and  lobed  re- 
ceptacles bearing  Arcbegonia. 


S!7+^’  approaching 

grLSwest  This  group  presents  numerous  objects 

0 the  Micioscopist;  and  no  species  is  richer  in  these 
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tliaii  the  very  common  Marchantia  ijolymorplut,  which  may  often  be 
found  growing  between  the  paving-stones  of  damp  court-yards,  but 
which  particularly  luxuriates  in  the  neighbourhood  of  springs  or 
waterfalls,  where  its  lobed  fronds  are  found  covering  extensive 
surfaces  of  moist  rode  or  soil,  adhering  by  the  radical  (root)  hla 
ments  which  arise  from  their  lower  sm-face.  _ At  the  period  of  , 
fructification  these  fronds  send  up  stalks ; winch  caiiy  at 
summits  either  round  shield-hke  or  radiating  bodies  , 

some  resemblance  to  a wheel  without  its  tire  (Fig- 214).  .The  to  mu  ■ 
carry  the  male  organs,  or  antheridia;  while  the  m the  fi  . ^ . 

instance  bear  the  female  organs,  or  archegoma,  which  aftciwaids  j 

"ive  place  to  the  sworaiiyici  or  spore-cases.  , • .i„ 

332  The  o-reen  surface  of  the  frond  of  Marchantia  is  seen  under  i 
“ a low  magnifying  power  to 

be  divided  into  nunute 
diamond-shaped  spaces  (Fig. 
215,  A,  o,  a)  bounded  by  raised 
bands  (c,  c) ; every  one  of 
these  spaces  has  in  its  centre 
a curious  broivnish-coloured 
body  {h,h),  with  an  opening 
in  its  middle,  which  allows  a 
few  small  green  cells  to  be 
seen  through  it._  AVheu  a 
thill  vertical  section  is  made 
of  the  frond  (b),  it  is  seen 
that  each  of  the  lozenge 
shaped  dhdsions  of  its  sur- 
face corresponds  with  an  air- 
chamber  in  its  interior,  which 
is  bounded  below  by  a floor 
(a,  a)  of  closely-set  cells,  from 
whose  under  surface  the  ra- 
dical filaments  arise  ; at  the 
. sides  by  walls  (c,  c)  of  siniuar 

Striotm-e  of  froud  of  poW-  solid  If 

morpha—A,  portion  seen  from  above;  tion  of  whose  summits lor 
H a ^lozenge-shaped  divisions ; l,b,  stomata  ^be  raised  bands  on  the  sur- 
iu  the  centi-o  of  the  lozenges  ; e,  c,  green- 
ish bands  separating  the  lozenges;— n, 
vertical  section  of  the  frond,  showing 
H a.  the  dense  laver  of  cellulartissne  forin- 
ing  the  floor  of  the  air-chamber,  d,  d; 

Theepidennic  layer,  b,  b,  forimng  its  roof ; 

e,  its  walls  ; f,  f,  loose  cells  m its  in- 
t,erior  ; </,  stoma  divided  perpendicularly ; 
ft,  rings  ot  cells  forming  its  wall ; v,  cells 
fonuiug  tlio  obtuVtitor-iing 


face ; and  above  by  an  epi- 
dermis ih,  h)  formed  of  a 
single  laver  of  cells ; whils 

its  interior  is  occupied  by  a 

looselyarrangodparenchynia. 

composed  of  branching  rov 
of  cells  (/,  f)  that  seem  to 
spring  from  the  floor,  tlics 


Lllu  UU  O 

* In  some  species,  the  same  shields  bear  both  sets 


I 
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i-ells  being  what  are  seen  from  above,  when  tlie  observer  looks  down 
•through  the  central  aperture  just  mentioned.  If  the  vertical  section 
should  happen  to  traverse  one  of  the  peculiar  bodies  which  occupies 
;the  centres  of  the  divisions,  it  will  bring  into  view  a structure  of 

■ remarkable comjilexity.  Each 
jf  these  sfomnte  (as  they  are 

• termed,  from  the  Greek  arofia, 
aioiith)  forms  a sort  of  shaft 
(j),  composed  of  four  or  five 
•ings  (like  the  ‘ courses  ’ of 
rj ricks  in  a chimney)  placed 
rme  upon  the  other  (//,),  every 
: .-ing  being  made  up  of  four  or 
'ive  cells ; and  the  lowest  of 
!;;hese  rings  (i)  appears  to  re- 
> palate  the  aperture,  by  the 
lonti’action  or  expansion  of 
;he  cells  which  compose  it, 

and  is  hence  termed  the  ‘ ob- 
i^urator-inng.’  In  this  manner 
i!ach  of  the  air-chambers  of 
j he  frond  is  brought  into 

■ ;ommunication  with  the  ex- 
rernal  atmosphere,  the  degree 
if  that  communication  being 

■.•egnlated  by  the  limitation 
f the  aperture.  We  shall 
lereafter  find  (§  383)  that 
>he  leaves  of  the  higher 
idants  contain  intercellular 

• paces,  which  also  commu- 
icate  with  the  exterior  by 
tomata ; but  that  the  struc- 
ure  of  these  organs  is  far 
ess  comjilex  in  them,  than  in 
hia  humble  Liverwort. 

3.33.  The  frond  of  Atar- 
hantiii  usually  bears  upon 
“8  surface,  as  shown  in 
ig.  114,  a number  of  little 
pen  ba.sket-sha])ed  r/evimi- 


Gemmiparoiis  Couceptacles  of  Jlarclian- 
tia  polijmorpha  .-—A,  couceptacle  fully  ex- 
panded, risiug  from  the  surface  of  tlio 
frond,  n,  a,  and  containing  gonidial  disk,'.< 
already  detached  : — n,  fii’st  appearance  of 
conceptacle  on  the  surface  of  the  frond, 
showing  the  formation  of  its  fringe  by  the 
splitting  of  the  cuticle. 


'hey  contain  1 ™ stmeturos  of  aingiilar  beanty. 

composed  o£  two  or  more  layers  of 

'bose  edae,  are  Ik  by  a glistening  fringe  ofUeetl,.' 

vowtiis  n fringed  with  minute  ont- 

pi.|.n-mi;,  as  SekT/afthrt-  VH"  '‘PHtting-up  of  the 

seen  at  u,  at  the  time  avhen  the  ‘ conceptacle’  and  its 

p D 2 
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1 j 4-  wKiirinfT  tVipir  Wciv  aRovc  tlic  purfficc.  PVie  little 

Stalks,  and  he  free  \ rain,  and  are  tnus  earned  to 

monly  they  are  at  last  . , , • which  they  grow  very 

different  parts  of  ^nth^moistnre ; sometimes,  however, 

rapidly  when  well  snpp  . - -ii  contained  within  the  con- 

they  may  he  found  /g^  speak)  upon  the  stock  from 

ceptacles,  fornnng  natural  f ^he^  and  many  of  the 

which  they  have  bee^^^^  Marchantia  puts  forth,  seem 

irregular  lobes  whic^tne  ^ririous  observation  was  long  ago 

to  have  this  tfnil/watched  the  development  of  these 

made  by  MiAel,  who  which  happens  to 

fjemmoi,  that  stomata  a root-fibres  are  put  forth  from 

be  exposed  to  the  light,  indifference  ic/iir/. 

the  lotev  side;  .t  being  \ wLd  each  has  the 

side  of  the  little  disk  13  at  hi  according  to  the 

power  of  developing  aithe  ^ tendency  to  the  formation  of  these 
inflnence  it  receives.  Afto  the  ten  e y prolonged 

soon  restores  them  to  then  m ^ ^ i^  tlamp  shady  situations 

. 334.  When  the  MarolmnUa  }t  does  not  readily 

which  are  favouri^le  which  is  to  be  looked-for  rather  m 

produce  the  true  Fructification,  h g^^ing  iu  more  exposec 

places.  Each  of  the  st^ed 
peltate  (shield-hlce)  disks  contains 
S number  of  flask-shaped  ca^tie= 
opening  upon  its  upper  surface 
which  are  brought  into  view  bj 

a vertical  section;  and  m eacl 

of  these  cavities  is  odged  ai 
anthericUum,  composed  of  a mas, 
of  ‘ sperm-cells,’  within, which  ar 
developed  ‘ antherozoids  lik 

those  t)f  Chara  (Fig.  lo4  n).  an. 

surmounted  by  a long  neck  tha 
projects  through  the  ^ontho^ 
flask-shaped  cavity.  Ihe 
like  receptacles  (Fig. 

oiberliand,bearontle.randcrs»> 

vL-mii...,-....  at  an  early  stage,  7 

, between  membranes  that  connect  the  origins  of  the  lobes  n 


Fig.  217 


Arcliegonia  of  Mtrchantia  poln- 
morplio,  iu  successive  stages  of  de- 
velopnieut. 
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aotlier,  a set  of  archcgonla,  shaped  like  flasks  with  elongated 


•' ^ , , 

lecks  (Fig.  217) ; each  of  these  has  in  its  interior  an  ‘ oosphere  ’ or 


\ O / J ^ 

, germ-cell,’  to  which  a canal  leads  down  from  the  extremity  of  the 


leck,  and  which  is  fertilized  by  the  penetration 
>f  the  antherozoid  s through  this  canal  until  they 
each  it.  Instead,  however,  of  at  once  evolving 
'fcself  into  a new  plant  resembling  its  parent,  the 
ertilized  odsphere  or  ‘ cmhryo-ceU’  developes  itself 
ato  a mass  of  cells  enclosed  within  a capsule,  which 
termed  a sporangium;  and  thus  the  mature  re- 


Fig.  218. 


eptacle,  in  place  of  archegonia,  bears  capsules  or 
' porangia,  each  of  them  filled  with  an  aggregation 
f cells  that  constitute  the  immediate  progeny  of 
. he  original  germ-cell.  These  cells,  discharged  by 
he  bursting  of  the  sporangium,  are  of  two  kinds  : 
.lamely,  spores,  or  gonidial  cells,  enclosed  in  firm 
ellow  ^envelopes ; and  elaters,  which  are  ovoidal 
■ eUs,  each  containing  a double  spiral  fibre  coiled 
-p  in  its  interior.  This  fibre  is  so  elastic,  that, 
?hen  the  surrounding  jn’essure  is  withdrawn  by  the 
iursting  of  the  sporangium,  the  spires  extend  them- 
. elves  (Fig. 218),  tearing  apart  the  cell-membrane; 
ad  they  do  this  so  suddenly  as  to  jerk  forth  the 
pores  which  may  be  adherent  to  their  coils,  and 
hus  to  assist  in  their  dispersion.  The  spores, 
hen  subjected  to  moisture,  with  a moderate 
mount  of  light  and  warmth,  develope  themselves 
ito  httle  collections  of  cells,  which  gradually  as- 
ame  the  form  of  flattened  fronds ; and  thus  the 
;pecies  is  very  extensively  multiplied,  every  one  of 
ne  aggregate  of  spores  which  is  the  product  of  a 
mgle  germ-cell,  being  capable  of  giving  origin  to  an 
: ^dependent  individual. 

335.  Musci. — There  is  not  ©ne  of  the  tribe  of 
fossea  who.se  external  organs  do  not  serve  as 
eautifnl  objects  when  viewed  with  low  powers 
I the  Microscope ; while  their  more  concealed 
onders  are  admirably  fitted  for  the  detailed  scru- 
01  the  practised  observer.  Mosses  always 


^ sess  a tlistinct  axis  of  growth,  commonly  more 
L less  * j T . 1 


Elator  aud  Spores 
of  Marchantid. 


re 


ess  erect,  on  which  the  minute  and  delicately-formed  leaves 

icaHon^^Pil  regularity.  The  stem  shows  some  iu- 

of  a cortical  or  bark-like  portion  from 
: elon?nflT^  u'  intervention  of  a circle  of  bundles 

;em  1 prefigure  the  woody  portion  of  the 

•aves  HO  a which  prolongations  pass  into  the 

insists  off  afford  them  a sort  of  midrib.  The  loaf  usually 
ides  bv  ^ double  layer  of  cells,  having  flattened 

y they  adhere  one  to  another : they  rarely  present 
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any  distinct  epidermic  layer;  but  such  a layer,  perforated  by 
stomata  of  simple  structure,  is  commonly  found  on  tbe  setm  or 
bristle-liko  footstalks  bearing  the  fructification,  and  sometimes  ou 
tbe  midribs  of  the  leaves.  The  root-fibres  of  Mosses,  like  those  of 
Marchantia,  consist  of  long  tubular  cells  of  extreme  transparence, 
within  which  the  protoplasm  may  frequently  be  seen  to  circulate, 
as  ill  the  elongated  cells  of  Ohara;  and  according  to  Dr.  Hicks,  it 
is  not  uncommon  for  portions  of  the  protoplasmic  substance  tf> 
pass  into  an  amoeboid  condition  resembling  that  of  the  gonidia  of 

Eio.  219. 


A 


c 


Structuro  of  Mosses  :-A,  Pla«t  of  f sete  w 
showing  f tho  leaves,  w the  urns  supported  iipou  tke 
footstalks  s,  closed  by  the  operculum  u,  and  covered  by  the 
calvntra  c.— n,  Urns  of  Encalyptra  vulgaris,  oue  of  tuei  i 
cloL^d  and  covered  with  tho  calyptrn,  the  other  open  , «,  , 
the  urns;  o,  o,  the  opercula;  c,  calyptra;  P-  P^nst mue,  ^ 
setiB:-c;  longitudinal  section  of  very 
nnm;  a,  solid  tissue  forming  the  tower  pait  oM 
c,  columella;  I,  loculus  or  space  around  't/oi  the  (level  p 
of  the  spores ; e,  epidermic  layer  of  cells,  th'okeued  a 
top  to  form  tho  operculum  o;  p,  two  lutoi-mediate  laj  f 
which  the  peristome  will  bo  formed;  s,  mnei  layci  of 
forming  tho  wall  of  tho  loculus.  . 

Yolvox  (§  242).  The  protoplasm  detaches  itself  from  cou 

witl  tUe  ccll.wall,  aA  collects  itself  .nto  ovo.a  ™ « ?tb.Uc, 
sizes  ; these  gradually  change  their  coloui  to  red  01 

» “ Quart.  Jouni.  Microsc.  Scieuce,”  N.S.,  ol.  ii.  P-  • 
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Fig.  220. 


AntLci'iclia  aud  Antherozoids  of  PoJytrichiun  commnne: — A, 
group  of  autljuridia,  miugled  with  hairs  aud  sterile  fUameuts 
(paraphyses) : of  the  three  antheridia,  the  central  one  is  in 
the  act  of  discharging  its  contents  ; that  on  the  left  is  not  yet 
mature ; while  that  on  the  right  has  already  emptied  itself,  so 
that  the  cellular  structure  of  its  walls  becomes  apparent ; — n, 
cellular  contents  of  an  antheridium,  previously  to  the  de- 
velopment of  the  antherozoids ; — c,  the  same,  showing  the 
urst  n,ppearance  of  the  antherozoids D,  the  same,  mature 
and  discharging  the  antherozoids. 
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subsequently,  However,  becoming  almost  colourless ; and  tliey  pro- 
trude and  retract  processes,  exactly  alter  the  manner  of  Amoiba, 
occasionally  elongating  themselves  into  an  almost  linear  form,  and 
travelling  up  and  down  in  the  interior  ol  the  tubular  cells.  This 
kind  of  movement  was  observed  by  Dr.  Hicks  to  subside  graduallj-, 
the  masses  of  protoplasm  then  returning  to  their  ovoid  form ; but 
their  exterior  subsequently  became  invested  with  minute  cilia,  by 
which  they  were  kept  in  constant  agitation  within  their  containing 
cells.  As  to  their  subsequent  history,  we  are  at  present  entirely  in 
the  dark ; and  the  verification  and  extension  of  Dr.  Hicks’s  obser- 
vations constitute  an  object  well  worthy  of  the  attention  of  Micro- 
scopists.  . . , . 

33G.  What  has  commonly  been  regarded  as  the  ‘ fructification’  ol 
Mosses— namely,  the  ‘ urn’  or  ‘ capsule’  filled  with  sporules,  which 
is  borne  at  the  top  of  a long  footstalk  that  springs  from  the  centre 
of  a cluster  of  leaves  (Dig.  219,  a) — is  not  the  real  fructification, 
but  its  product ; for  Mosses,  like  Liverworts,  possess  both  antliendia 
and  archegonia,  although  they  are  by  no  means  conspicuous. 
These  organs  are  sometimes  found  in  the  same  envelope  (or 
'pengone),  sometimes  on  different  parts  of  the  same  plant,  some- 
times only  on  different  individuals ; but  in  either  case  they  are 
usually  situated  close  to  the  axis,  among  the  bases  of  the  leaves. 
The  ‘ antheridia’  are  globular,  oval,  or  elongated  bodies  (Fig.  220,  a), 
composed  of  aggregations  of  cells,  of  which  the  exterior  form  a sort 
of  capsule,  whilst  the  interior  arc  sperm-cells,’  each  of  which,  as  it 
comes  to  maturity,  developes  within  itself  an  ‘ antherozoid  (b,  c,  d); 
and  the  antherozoids,  set  free  by  the  rupture  of  the  cells  witmn 
which  they  are  formed,  make  their  escape  by  a passage  that  opens 
for  them  at  the  summit  of  the  antheridium.  The  autherjdia  are 
Generally  surrounded  by  a cluster  of  hair-like  filaments,  composed 
of  cells  joined  together  (Fig.  220,  a),  which  are  called  parap/iyses  ; 
these  seem  to  be  ‘ sterile’  or  undeveloped  antheridia. 
gonia’  bear  a general  resemblance  to  those  of  ]\IaTchanti(i  (m  )’ 

and  the  fertilization  of  their  contained  ‘ oospheres’  or  ‘ germ-ceUs  is  ac- 
comiDlished  in  the  manner  already  described.  The  fertihzed  embiyo- 
cell’  becomes  gradually  developed  by  cell-division  into  a comcai 
body  elevated  upon  a stalk ; and  this  at  length  tears  across  tbe 
walls  of  the  flask-shaped  archegonium  by  a circular  fissure,  cair}  - 
incr  the  higher  part  upwards  on  its  summit  as  a calypiraov  oo 
(Fig.  219,  B,  c),  while  the  lower  part  remains  to  form  a kind  o 

collar  round  the  base  of  the- stalk.  . , . 

337.  The  Urn  or  ‘ spore-capsule,’  which  is  thus  the  immediai 
product  of  the  generative  act,  is  closed  at  its  summit  by  an  ope?  c?o«  » 
or  lid  (Fig.  219  b,  o,  o),  which  falls  oflf  when  the  contemts 
sule  are  mature,  so  as  to  give  them  free  exit;  and  the  • 

laid  open  is  surrounded  by  a beautiful  toothed  fringe,  ^ ^ 

termed  the  peristome.  This  fringe,  as  seen , in  its  ^ 

turbed  position  (Fig.  221),  is  a beautiful  object  for 
Microscope  ; it  is  very  ‘ hygometric,’  executing,  when  breathed 
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r . i.  curious  movement,  wliicli  is  probably  concerned  in  tbe  dispersion 
1 1'  the  spoi'es.  In  Figs.  222-224,  are  shown  three  different  forms 


Fig.  221. 


Fig.  222. 


[outh  of  cap.sule  of  Fanavki,  sliowing  tlio 
Peristome  in  situ. 


Double  Peristome  of 
Fontinalis  antipyretica. 


ii 
•■r  I 


f peristome,  sjiread  out  and  detached,  illustrating  the  varieties 
■'  hich  it  exhibits  in^  different  genera  of  Mosses  ; — varieties  whose 
xistence  and  readiness  of  recognition  render  them  characters  of 
•xtreme  value  to  the  systematic  Botanist,  whilst  they  furnish 


Fig.  22D. 


Fig.  221. 


(I 


•>ir 
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l^oublf;  I’orMomcj  of  Bryum 
intermedium. 


Double  Peristome  of  Cindidium 
arciicum. 


interest  and  beauty  for  the  Microscopist.  The 
om  always  to  be  originally  double,  one  layer  springing 

hiob  other  from  the  inner,  of  two  layers  of  cells 

ay  be  always  distinguished  in  the  immature  capsule 


II 


410  MICROSCOPIC  STRUCTURE  OF  HIGHER  CRYPTOGAMIA. 


(Fig.  219,  c,  p) ; but  one  or  other  of  these  is  frequently  wanting 
at  the  time  of  maturity,  and  sometimes  both  are  obhteratea,^so 
that  there  is  no  peristome  at  all.  The  number  of  the  teeth  is 
always  a multiple  of  4,  varying  from  4 to  61:  sometimes  they  a,re 
prolonged  into  straight  or  twisted  hairs.  The  sjioi'es,  or  gonidial 
cells,  are  contained  in  the  upper  part  of  the  capsule,  where  they 
are  clustered  round  a central  pillar,  which  is  termed  the  coZwmeZ  a. 
In  the  younc  capsule  the  whole  mass  is  nearly  solid  (Tig.  --  • > ’)> 
the  space  (if  in  which  the  spores  are  developed  being  very  small; 
but  this  gradually  augments,  the  walls  becoming  more  condensed; 
and  at  the  time  of  maturity  the  interior  of  the  capsule  is  almost 
entirelv  occupied  by  the  spores.  These  are  formed  in  groups  ot 
four,  by  the  duplicative  subdivision  of  the  mother-cells  which 
first  differentiate  themselves  from  those  forming  the  capsule  itseh. 
Thus  the  ‘ spore-capsule’  in  Liverworts  and  Mosses,  being  the  im- 
mediate product  of  the  act  of  fertihzatmn  (which 
point  of  departure  of  each  ‘ new  generation  ),  is  to  be  consideied  a. 
the  progeny  of  the  plant  that  bears  it;  winch  supplying  the 
niiti-iment  at  whose  expense  it  developes  itself,  acts  as  its 

^338^  The  development  of  the  spore  into  a new  plant  commences 
with  the  rupture  of  its  firm,  yellowish-brown  outer  coat,  and  tlie 
nrotnision  of  its  green  cell- wall  proper ; from  the  projecting  ex^e- 
Srof  wwa  cells  avc  pet  forth  by  a process  ot  out.gro.ib, 
which  form  a sort  of  Confervoid  hlament  (as  in  Fig.  c). 
certain  points  of  this  filament,  its  component  cells  multiply  b} 
saSisFon,  so  as  to  form  rounded  clusters  from  every  one  of 
which  an  independent  plant  may  arise  ; so  that 
may  be  evolved  from  a single  si»re.  And  as  a nnmeroi^s 
of  snores  is  developed,  as  we  have  seen,  from  a single  geim  c^, 
1 F“pld  entensioF  of  the  Mosses  is  thins  secured  a^^^^ho^h  no 
senarate  individual  ever  attains  more  than  a very  limited 
339.  The  tribe  of  Spha-gnaccce,  or  ‘ Bog-Mosses,  m now 
bv  Museologists  froni  true  Mosses,  on  account  of  the 
r Jnces  bVwhich  they  are  distinguished;  the  three  groups,  Hjaq 
Ucce  BryaeecB  (or  ordinary  Mosses),  and  Sphagnacece,  being  ^ 
s together  foiling  the  Muscal  Alliance  The  stem  of  the 
nacem  is  more  distinctly  differentiated  than  that  of  the 
■Into  toe  central  or  medullary,  the  outer  or  cortical.  ^ 

mediate  or  woody  portions  ; and  a and 

Tilace  throuo-h  its  elongated  cells,  especially  m the  /fl  g]^ 

Srtoal  layers,  so  thatif  one  of  the  plants  be  placed  dry  m a ^ A 
of  water,  with  its  capitulum  of  leaves  bent  downwa;ids, 
will  speedily  drop  from  this  until  the  flask  is  emptied. 

cells  of  the  they  an 
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cells  of  toe  ^p  iagnacece  exnioit  a vcij  — i—--  , 

^rdtoarv  type  : for  instead  of  being  small  and  pat 

SxgrSdTlongatcd  (Fig.  226);  t'-y.  contam  no  chiarop^H. 

’ --  spiral  fibres  loosely  coded  in  their 

ms  walls  haye  large  rounded  apertures,  by  vhicli  their 
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Irecly  corarauuicate  ■witli  one  anothei*,  as  is  sometimes  curiously 
cvideiicecl  by  the  passage  of  Wheel- Animalcules  that  make  their 

1 •!  I ^ i-kl-i .«  w-k  1 V *D 


Fig.  225. 
h b 


habitation  in  these  chambers.  Be- 
tween these  coarsely-spiral  cells 
are  some  thick-walled  narrow  elon- 
gated cells,  containing  chloroph}dl ; 
these,  which  give  to  the  leaf  its 
tirmness,  do  not,  in  the  very  younc 
leaf  (as  Prof.  Huxley  first  pointed 
out*)  differ  much  in  a]Dpearance 
from  the  others,  the  peculiarities  of 
both  being  evolved  by  a gradual 
process  of  differentiation.  The  an- 
theridia  or  male  organs  of  Sphacj- 
lUicece  resemble  those  of  Liverworts, 
rather  than  those  of  Mosses,  in  their 
fonn  and  arrangement;  they  are 
- grouped  in  catkins  at  the  tips  of 
lateral  branches,  each  of  the  im- 
bricated perigonal  leaves  enclosing 
a single  globose  antheridium  on 
a slender  footstalk  ; and  they  are 
surrounded  by  very  long  branched 
paraphyses  of  cobweb-like  tenuity, 
the  female  organs,  or  archegonia, 
which  do  not  differ  in  structure 
from  those  of  Mosses,  are  grouped 
lOgether  in  a sheath  of  deej)  green 
haves  at  the  end  of  one  of  the  short  lateral  branchlets  at  the 
hiae  ot  the  capitulum  or  summit-crown  of  leaves.  The  two 
«ets  of  organs  are  always  distributed  on  different  branches, 
and  m some  instances  on  different  plants.  The  ‘ capsule,’  which 
! of  the  impregnation  of  the  germ-cell, 

T species;  being  almost  sjiherical,  with 

troi"  f ^ without  beak  or  point,  and  showing  no 

.rrnLf  andthe  spores  it  contains  are  produced  in 

7w?  (as  in  Mosses)  around  a hemispherical  ‘ columella.’ 

ordinary  capsules,  however,  the  Spliagnaceui  develope 
■1  ^ V • • ^P^iysoma,  in  which  ‘ microspores’  are  formed  by 

■unkm.wy  mu  “Other-cells  ; the  significance  of  these  is 

the  bZn^o  1 ® ordinary  spores,  when  germinating,  do  not  produce 

of  true  Mosses;  but,  if  growing 
rcsembl?n«^’+r°!-'’®  ^{‘0™selyes  into  alobed  foliaceous  ‘ prothallium;’ 
S n ?•  2;  I^^'^orworts;  whilst,  if  they  develope  in 

yivcs  off  filament  is  formed,  of  which  the  lower  end 

0 -fibres,  while  the  u^iper  enlarges  into  a nodule  from 

Af  *4ictchinSn  t- ; ^’1?  C?ll-Tl.eory’  iu  tho  “ British  and  Foreign 
o omunyical  Kcview,”  Voi.  xii.  (Oct.  1853),  pp.  30G,  3U7. 


Pori.iou  of  the  leaf  of  Spliaffnum ; 
showing  the  large  cells,  «,  a,  a., 
with  spiral  fibi'es  .and  communica- 
ting  apertures;  and  the  interve- 
ning bands,  5,  b,  b,  composed  of 
small  elongated  cells. 


Fig.  tJ2G. 
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■wRicli  the  young  plant  is  evolved.  In  either  case,  the  prothalliuin 
and  Its  temporary  roots  wither  away  as  soon  as  the  young  plant 
begins  to  branch. — From  their  extraordinary  power  of  imbibing  and 
holding  water,  the  Sphagnaceca  are  of  great  importance  in  the 
economy  of  Nature;  clothing  with  vegetation  many  areas  whicii 
would  otherwise  be  sterile,  and  serving  as  reservoirs  for  storing  up 
moisture  for  the  use  of  higher  forms  of  vegetation.* 

340.  Filices.—ln  the  general  structure  of  Ferns  we  find  a much 
nearer  approximation  to  Flowering  plants  ; but  this  does  not  extend 
to  their  Rej)roductive  apjiaratus,  which  is  formed  upon  a 
type  essentially  the  same  as  that  of  Mosses,  though  evolved  at  a 
very  different  period  of  life.  As  the  tissues  of  which  their  fabrics 
are  composed  are  essentially  the  same  as  those  to  be  described  in 

the  next  chapter,  it  will  not  be  re- 
quisite here  to  dwell  upon  them. 
The  Stem  (where  it  exists)  is  for  the 
most  part  made  up_  of  cellular 
parenchyma,  which  is  separated 
into  a cortical  and  a medullary 
portion  by  the  interposition  of  a 
circular  series  of  fibro  - vascular 
bundles  containing  true  Woody 
tissue  and  Ducts.  These  bundles 
form  a kind  of  irregular  network, 
from  which  prolongations  are  given 
off  that  pass  into  the  leaf-stalks, 
and  thence  into  the  midrib  and  its 
lateral  branches;  and  it  is  their 
peculiar  arrangement  in  the  leal- 
stalks,  which  gives  to  the  trans- 
verse section  of  these  the  figured 
marking  commonly  known  as 
“King  Charles  in  the  oak.”  A 
thin  section,  especially  if  somewhat 
oblique  (Fig.  226),  displays  extremely  well  the  peculiar  character 
of  the  ducts  of  the  Fern ; which  are  termed  scalaiifoim,  loni 
resemblance  of  the  regular  markings  on  their  walls  lo  the  rungs 

a ladder.  , , c 

341.  What  is  usually  considered  the  fructification  of  the  i 
affords  a most  beautiful  and  readily-prepared  class  of  opaq«c 
obiects  for  the  lower  powers  of  the  Microscope ; nothing  more  bein„ 
necessary  than  to  lay  a fragment  of  the  frond  that  bears  "Pi,, 
the  glass  Stage-plate,  or  to  hold  it  m the  Stage-forceps,  and^  t 
throw  an  adequate  light  upon  it  by  the  Side-condenscr.  tt 
presents  itself  in  the  form  of  isolated  spots  on  ,‘- 

face  of  the  frond,  termed  sort,  as  in  the  common 
(Fig.  227),  and  in  the  Aspiclium  (Fig.  229) : but  sometimes 

» See  Dr.  Brnitliwiiite’s  Papers  on  tlic  .S^j/mirjincea' in  the  “ Moutblx  3Ii'  U 

Kcopiciil  .Jounial,”  Vol.  vi.,  e<  seq. 


Oblique  section 
Fern-leaf,  showing 
lariforni  Ducts. 


of  footstalk  of 
bundle  of  Sea- 
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‘ sori  ’ arc  elongated  into  bands,  as  in  the  common  Scolopenclnm 
(hart's-tongue) ; and  these  may  coalesce  with  each  other,  so  as 

Fig.  227.  Fig.  228. 


leaflet  of  PoIi/pocUum,  with 
Fig.  229. 


Sori.  Portion  of  Frond  of  Hcmnionltis,  ivith  Sori. 

Fig.  230. 


a 


Sorus  and  ludusium  of  Aipidium. 


Sorus  and  cnp-shaped  Indusium  of 
Peparia  prolifera. 


•1mA  -f-  4-  J^eparta  prohfera. 

f network,  as  in 

^ o-  or  they  may  form  merely  a single  band 
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along  its  borders,  as  in  tbe  commonPferts  (brake-fern).  The  sori  ar.; 
sometimes  * naked  ’ on  the  under  surface  of  the  fronds ; but  they 


are  frequently  covered  with  a delicate  membrane  termed  the  iiidu- 
sivA)i,  which  may  either  form  a sort  of  cap  upon  the  summit  of  eacli 
sorus,  as  in  Aspidium  (Pig.  229),  or  a long  fold,  as  in  Scolopendm 
and  Pteris  ; or  a sort  of  cup,  as  in  Deparia  (Fig.  230).  Each  of 
these  sori,  when  sufficiently  magnified,  is  found  to  be  made  up  of 
a multitude  of  thecce  or  spore-capsules  (Pigs.  229,  230),  which  are 
sometimes  closely  attached  to  the  surface  of  the  frond,  but  moie 
conimonly  spring  from  it  by  a pedicle  or  footstalk.  Tbe  wall  of  tho. 
theca  is  composed  of  flattened  cells,  a]iplied  to  each  other  bv  theii 
edo-es ; but  there  is  generally  one  row  of  these  thicker  and  larger 
than  the  rest,  which  springs  from  the  pedicle,  and  is  continued 
over  the  summit  of  the  capsule,  so  as  to  form  a projecting  iing, 
which  is  known  as  the  annulus  (Pig.  230).  This  ring  has  an  elas- 
ticity superior  to  that  of  all  the  rest  of  the  capsular  wall,  causing  it 
to  split  across  when  mature,  so  that  the  contained  spores  may  escajie ; 
and  in  many  instances  the  two  halves  of  the  capsule  are  earned 
widely  apart  from  each  other,  the  fissure  extending  to  such  a 
depth  as  to  separate  them  completely. — In  Osmunda  (the  so-called 
‘flowering-fern’)  and  Ophiocjlossuvi  (adder’s  tongue),  the  theca- 
have  no  annulus.— It  ivill  frequently  happen  that  specimens  of 
Pern-fructification  gathered  for  the  Microscope  will  be  loimd 
have  all  the  capsules  burst  and  the  spores  dispersed,  whilst  m 
others  less  advanced  the  capsules  may  all  be  closed ; others,  how- 
ever, may  often  be  met  with  in  which  some  of  the  capsules  are 
closed  and  others  are  open ; and  if  these  be  watched  with  sufficient 
attention,  the  ruiDture  of  some  of  the  thecas  and  the  dispersion 
the  snores  may  be  observed  to  take  place  whilst  the  specimen  i» 
under  observation  in  the  field  of  the  Microscope.  In  son  whose 
capsules  have  all  burst,  the  annuli  connecting  their  two  halves  are 
the  most  conspicuous  objects,  looking  ; when  a strong  li^h  i^> 
thrown  upon  them,  like  strongly-banded  wmrms  of  a bright  brom 
hue  This  is  particularly  the  case  in  ScoZopendniw,  whose  elon- 
o-ated  sori  are  remarkably  beautiful  objects  for  the  Microscope  m 
all  their  stages ; until  quite  mature,  however,  they  need  to 
brought  into  view  by  turning  back  the  two  indusial  folds  that 
cover  them.  The  commonest  Ferns,  indeed,  which  are  found  in 
almost  every  hedge,  furnish  objects  of  no^  less  beauty  than  thosi 
vielded  by  the  rarest  exotics;  and  it  is  in  every  respect  a niosx 
valuable  training  to  the  young,  to  teach  them  how  muc  m*} 
be  found  to  interest,  when  looked  for  with  intelligent  eyes,  ev 
the  most  familiar,  and  therefore  disregarded,  specimens  of  JNatiire^ 

^^342.  The  ‘ spores’  (Pig.  231,  a)  set  free  by  the 
thecee  usually  have  a somewhat  angular  form,  and  are  invested  } 
aTelWsh  0?  brownish  outer  coat,  which  is  marked 
manner  of  pollen-graine  (Pig.  277)  with 
r reticulations.  When  placed  upon  a damp  suifacc,  and  c.  i 


or 
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i:  to  a sufficiency  of  light  and  warmth,  the  siDore  begins  to  ‘ germi- 
j nate;’  the  first  indication  of  its  vegetative  activity  being  a”slio-ht 
enlargement,  which  is  manifested  in  the  rounding-off  of  its  angles. 
[ I ! This  is  followed  by  the  putting-forth  of  a tubular  prolongation  (b,  aj 
[.  of  the  internal  cell-wall  through  an  aperture  in  the  outer  spore- 
; ! coat ; and  moisture  being  absorbed  through  this,  the  cell  becomes 

' i Fig.  231. 


Development  of  Protliallinm  of  I>ier;s  serrzdafa  :-A,  Spore 
set  free  fiom  the  theca; — b.  Spore  bcginninfr  to  terminate 
® prolongation  a,  from  the  principal 

f ^’°ear  series  of  cells  n,  Prothalliuni 
indi^^  f it  expansion ; a,  first,  and&,  second 

twe^^hpm  It  ffideutation  be- 

tween them;  /, /,  first-fomied  part  of  the  prothallium-  o 

external  coat  of  the  original  spore;  7t,  /i,  autliLidia.  ’ 

external  unyielding  integument  and 

a ' ^ ^PPo^e  to  that  of  the 

oobfibre.  A production  of  new  cells  by  subWsion  thertakes 

I nnUin1ien+-  ^ f coufervoid  filament  (c) : but  the 

iS  weS  ^ subdivison  soon  takes  place  transversely 

3 well  as  longitudinally,  so  that  a flattened  leaf-like  exuaiision 

young 

'ntlwllium  •1°'^  ‘‘  c riiio  expansion,  which  is  termed  the 

Mentia  TruZrp  s I “ diflerent  species;  but  its 

acp  nro  A always  remains  the  same.  From  its  under  sur- 

# h“s™  i^elo  fert  <“■  *'>•  "hicrstVek 

me  to  fix  it  in  the  soil  and  to  supply  it  with  moisture. 
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but  also  the  ' anilieridia  and  archecjonta  wbicli  constitute  the  true  I 
representatives  of  the  essential  parts  of  the  Flower  of  higher  Plants,  j 

Fig.  232. 

ABC 


Development  of  the  Antheridia  and  Antherozoids  of  Pterin 
serrulata;—A,  projection  of  one  of  the  cells  of  the  prothallium, 
showing  the  antheridial  cell  b,  with  its  sperm-cells  c,  within 
the  cavity  of  the  original  cell  a; — b,  Autheridium  com- 
pletely developed ; a,  wall  of  antheridial  cell ; e,  sperm-cells, 
each  enclosing  an  antherozoid ; — C,  Antherozoid  more  highlj- 
magnified,  showing  its  large  extremity  a,  its  small  extremity 
b,  and  its  cilia  d,  d. 

Fig.  233. 


Archegouium  of  Pteris  serndata: — A,  as  seen  from  above; 

<7,  a,  a,  cells  suiTOunding  the  base  of  the  cavity ; b,  c,  rf,  suc- 
cessive layers  of  cells,  the  highest  enclosing  a quadrangular 
orifice  : — B,  side  view,  showing  A,  A,  cavity  containing  the 
germ-cell,  a ; b,  b,  walls  of  the  archegonium,  made  up  of  tlu' 
four  layers  of  cells,  b,  c,  d,  e,  and  having  an  opening,/,  on  the 
summit : c,  c,  antherozoids  within  the  cavity ; g,  lai^e  ex- 
tremity ; Ji,  thread-like  portion  ; i,  small  extremity  in  contact 
with  the  germ-cell,  and  dilated. 

Some  of  tbe  former  may  be  distinguislied  at  an  carly_  period  ^ 
the  development  of  the  prothallium  {h,  h) ; and  at  the  tune  ot  i 
complete  evolution  these  bodies  are  seen  in  considerable  numbei  r. 


« , 
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'spociully  aboitt  tlie  origins  of  tlie  root-fibres.  Each  has  its  origin 

IrotS  m”  mi™  of  the  ceils  of  the 

lotJiaihum  (Fig  232,  a,  a) : this  13  at  first  entirely  filled  with 

hlorophyll-granules;  but  soon  a peculiar  free  cell  (h)  is  seen  iiT  its 

ntcrioi,  filled  with  mucilage  and  colourless  granules.  This  cell 

rradually  becomes  filled  with  another  brood  of  youno-  cells  fe)  and 

Dcreases  considerably  in  its  dimensions,  so  as  to  fill  the  pU'ertlon 

mS  of  the  original  cavity  is  LTlToK 

lom  tliat  ot  the  cell  of  which  it  was  an  offshoot  and  the 

Ach  ofib^  as  a distinct  and  independent  organ 

within  the  antheridial  ?dl 
, seen,  as  it  approaches  maturity,  to  contain  a spirally-coiled  fila’ 
i.ient;  and  when  set  free  by  the  bursting  of  the  antheridlum  the' 

' ' burst,  and  give  exit  to  their  antherozoids  (c) 

• Inch  execute  rapid  movements  of  rotation  on  their  axes  nartlv 
' ^ SIX  long  cilia  with  which  they  are  furnished.  ^ 

c/ief/miia  are  fewer  in  number,  and  are  found  upon  a 
1? pi-othallium.  Each  of  them  orio-inates  in  a 
! gle  cell  of  its  ppei^ial  layer,  which  undergoes  subdivision  by  a 

‘i^sage  that  leads  down  to  a cavity  aUts°  bS^’ Th^ 

’id  this'?'’^®'^  becomes  the  ‘ central  cell’  of  the  archegonium  • 

Horizontal  subdivision,  the  lower  hSf 
comes  tne  oosphere  or  germ-cell,  whilst  the  upper  extends  it<,plf 

_asm,  through  which  the  antherozoids  make  theii^w^v  to  Vbp 

•'■dtcd  fy”®tb‘  penetSf’if  al"'  1b  ““T’'™’ 

umbrvopoii’  r oh  the  antherozoids,  becomes  the 

mmences  ^-fn^^throF  development  of  which  speeddy 

mences.  -In  the  aberrant  group  of  OpMoghssem  (Adders’ 

■ dta  “■>  o'  «‘®  »f  f»- 

™<1  of  0 I’erTffosrS.r«flL,L  ° 

■ «r.  vitb  its  ™pore-tarinf  is  n.atare  be  laid  upon  a piece  of  fiM 

> tills  paper  will  be  found'’io  hi  nn  ''T'"'^rds ; m the  course  of  a day  or 
ichcoLLsof  the  discSJ^  brownish  dust 

>nW  be  spread  upon  the  sufface  of  n ti  carefully  collected,  and 

/'tone  being  pla?e  L a sauce'  '^e  StLiS  sandstone, 

‘ ''  g as.s  tumbler  being  i“d  over  P water 

ured,  and  the  spores^wnrge™Late  L supply  of  moisture  i1 

n advance  beyond  the  resl^aiTauL^  L^^^^^^^  prothallia 

? ceased  to  produce  antheridia  oil  h * i advanced  ones  have 

ich  have  remained  behind  in  theh- crowiTi  w 

Jcndia.  If  the  crop  be  now  k-nt  ILin  beginning  to  bo  covered  with 
^ suddenly  watered,  a lai-e  miLbL  if  L il  • ^^ecks,  and 

usiyopen;  and  in  a few  honrrLterw^rdsL^^^^^^  archegoniasimulta- 

'-'^■HPcfonndalmostcovercdSrLltiSL^^^ 
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tougue  ferns),  tRe  development  of  tlie  prothallium  takes  place 
nnderground,  in  tRe  form  of  a small  roundxsR 
parenchymatous  tissue  containing  no  cRloropRyH,  and  proluc  ^ 
antReridia  and  arcRegonia  on  its  upper  sarface. 

344.  TRe  early  development  ot  tRe  Embiyo-cell  ta^^-s  pact 
accordino-to  tRe  usual  metRod  of  repeated  binary  subdivision,  pio- 

ducing  a'Romogeneous  globular  mass  of  ^ 

ments  of  sioecial  organs  begin  to  make  their  appeaiance , tne 
Sryo  iiwrat  the  expense  of  the  nutriment 
the  pTOthalliiim;  and  it  bursts  forth  from  the  cavity  of  the  archc- 
ironium  which  organ  in  the  meantime  is  becoming  atrophied.  In 
the  vevv  Resinning  of  its  development,  the  tendency  seen  in  the 
ceUs  7oSTemity  to  grow  upward  so  as  to  evolve  the  stem  and 
leaves  and  in  thTse  of  the  other  extremity  to  grow  downward  to 
tS  the  ioS  and  when  these  organs  Rave  been  sufficiently  de- 
XS  tltsU  aBd  prepare  the 

Swer-bud,  capable  o£  developing  itself  into  a prothallium 
ScMd  to  1 receptacle  bearing  the  sexual  apparatus^  But  tte 

themselves  —not,  as  in  Mosses,  into  mere  spore-capsules,_  but, 

?SJh  that  of  their  vegetative  portion  is  very  different,  affo  d. 

whS^ofil'etr  ^ 

fpX  uS^SriB  Ji:-LroXeX?s«.  and  ou 

s“dXrlS  ^ i;X  f 

nf  wood  Some  of  the  siliceous  particles  are  distributea 
X paraM  to  the  axis;  others,  however,  are  grouped  into  oral 


more  .han  t " 
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i i forms,  connected  with  each  other,  like  the  jewels  of  a necklace,  hy 
■ j a chain  of  particles  forming  a sort  of  curvilinear  quadrangle  ; and 
i tnese  (which  are,  in  fact,  the  particles  occupying  the  cells  of  the 
t - stomata)  are  arranged  in  pairs.  Their  form  and  arrangement  are 
I : peculiarly  well  seen  under  Polarized  light,  for  which  the  prepared 
i ^idermis  is  an  extremely  beautiful  object ; audit  is  asserted  by  Sir 
• p.  Brewster  (whose  authority  upon  this  point  has  been  general^ 
[:  followed),  that  each  siliceous  particle  has  a regular  axis  of  double 
1 : refraction.  According  to  Prof.  Bailey ,_  however,  the  effect  of  this 

I i and  similar  objects  (such  as  the  epidermis  of  G-rasseslupon'Polarized 
[•  light,  IS  not  produced  by  the  silliceous  particles, ' but  liy  the  or- 

1 ^anizecl  tissuGS  ; since,  when  the  latter  have  been  entirely  got  rid  of, 
t : the  residual  silex  shows  no  doubly-refracting  power.*— What  is 
' visually  designated  as  the  fructification  of  the  Equisetacem  forms 
>|i  ; a cone  or  spike  at  the  extremity  of  certain  of  the  stem-like  branches 

L ’ and  consists  of  a cluster 

ki  mt  shield-hke  disks,  each  of  which  carries  a circle  of  thecce  or  sporc- 

II  opsii  % longitudinal  slits  to  set  free  the  spores. 

K Each  of  these  spores  has,  attached  to  it,  two  pairs  of  elastic  fila- 
[H;  opginally  formed  as  spiral  fibres  on  the 

H:  interior  of  the  wall  of  the  primary  cell  within  which  it  is  generated, 
I and  are  set  free  by  its  rupture ; these  are  at  first  coiled  up  around 
' ! tne  spore,  in  the  manner  represented  at  a,  though  more  closely 

j surface  ; but,  on  the  liberation  of  the  spore,  they 

extend  themselves  in  the  manner  shown  at  b, — the  slightest  appli- 
; cation  of  moisture,  however,  serving  to  make  them  close  together 

Fig.  234. 


Spores  of  h'quisetum,  with  their  Elastic  Filaments. 

which  they  afford  in  the  dispersion  of  the  siiore.s 
when  the  spores  have  alighted  on  a damii 
'^laas  uTiflpr  spores  be  spread  out  on  a slip  of 

a bvR+nii  1 . 1^^  view,  and,  whilst  the  observer  watches  them, 

instantnTif^  ^leathes  gentljupon  the  glass,  all  the  filaments  will  be 
sDertnx-ln  . P.ll"  iii’iiotion,  thus  presenting  an  extremely  curious 
condifioTi  ’ almost  as  suddenly  return  to  their  previous 

when  the  effect  of  the  moisture  has  nassftd  ofl\  If  one 


^ the  effect  of  the  moisture  has  passed  off. 

■ifoo  Silliiiiaii’s  American  Journal  of  Science,”  May,  1800*. 
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o£  the  theccB  which  has  opened,  hut  has  not  discharged  its  spores,  he 
mounted  in  a cell  with  a movable  cover,  this  curious  action  may 
lie  exhibited  over  and  over  again.  These  spore.s,  like  those  ot 
Ferns,  evolve  themselves  into  a prothallium ; and  this  Jevelopes 
antheridia  and  archegonia,  the  former  at  the  extremities  of  the  lobes, 
and  the  latter  in  the  angles  between  them. 

G46  Nearly  allied  to  Ferns,  also,  is  a curious  little  group  ot  small 
aquatic  plants,  the  BUzocarpecB  (or  pepper-worts),  which  either 
Hoat  on  the  surface,  or  creep  along  shallow  bottoms.  These  all 
a-ree  in  having  two  kinds  of  spores,  produced  in  separate 

capsules;  the  larger,  or  ‘ megaspores,’ giving  origin  to _ prothalb:i 
Uich  produce  archegonia  only;, and  the  smaller,  or 
nndero-oino'  progressive  subdivision,  usually  without  the  formation 
of  a distinct  prothallium,  each  of  the  cells  thus  formed  giving 
origin  to  an  antherozoid.  In  tins,  as  we  shall  presently  see  (§  o-19), 
thm-e  is  a distinct  foreshadowing  of  the  which  the  geneia- 

tive  process  is  pei^ormed  in  Flowering  Hants ; the  microspore 
obWsly  con-e,sponding  to  the  pollen-grain,  while  the  ‘ megaspore 
may  be  considei4d  to  represent  the  primitive  ceU  of  the 

347  Another  alliance  of  Ferns  is  to  the  Irt/copofZmcece  (Club- 
mosses)  • a group  which  at  the  present  time  attains  a great  develop- 
“rt  in  Af-m  olimates,  aad  which,  it  woald  see^,  ^nstitated  a 
large  part  ot  the  arborescent  vegetation  of  the 
—In  the  Lycopodiece  proper,  the  sporangia  are  all  of  one  ™ anc 
all  the  spores  are  of  the  same  size ; each,  as  in  Opliwglossthn 
(S  343)  givincr  origin  to  a subterraneous  prothallium,  that  developes 
both  ai&ia  aSd  archegonia.  The  plant  which 
the  fertilized  ‘ germ-cell’  of  the  archegonium,  only  at^ams  in  coldei 
climates  a Moss-like  growth,  with  a creeping  stem  usually  branching 
Sotlously,  and  imbricated  leaves;  but  is  distmguished  from 
the  true  mosses,  not  only  by  ^ig^er  genm-al  oi^ani^^^^ 
is  on  a level  with  that  of  Ferns),  but  by  the  character  of  its  tructibca 
tion  which  is  a club-shaped  ‘ spike,’  keanng  small  imbricated  leave^, 
in  the  axils  of  which  lie  the  sporangia.  The  spores 
these  are  remarkable  for  the  large  quantity  of  resinous  matter  the.^ 
contain,  giving  them  an  inflammability  that  W i 

used  in  theatres  to  produce  ‘ artifici^  Hci"Ocai-))Cfr) 

erroups  of  Selaginelleoi  and  Iso eZece,  there  are  (as  in  the  ^ ' 

two  kinds  of  spores  produced  in  separate  sporangia ; P j 

ducing  ‘megaspores,’  from  which  archegonia-bearmg  P 
nre  developed;  and  the  other  produemg  ‘ nncros]iores. , wliic  , , 

^c4eS  subdivision,  give  origin  to  antherqzoids  ^ylthput  th 
loLatiL  of  prothallia  It  is  a very  ^^dicnt^^^^^^ 

'thatTh7pS4^um^i/  is 

one  or  moie  aicncgou  i.  farmed  conncctmgl 

fCgUlarke  of  the  Coal-measures  seem  to  Imvo  tonne  ,.I 
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links  between  the  Vascular  Cryptogams  and  the  Phanerogams,  alike 
in  the  stmotui’e  of  their  Stems,  and  in  their  Fructification.  For  the 
Lepidostrohi  or  cone-like  ‘fruit’  of  these  trees,  represent  the  club- 
shaped  spikes  of  the  Lycopodiacece ; and  seem  to  have  bonie 
‘megaspores’  in  the  sporangia  of  its  basal  portion,  and  ‘micro- 
spores’ in  those  of  its  upper  part.  Some  of  the  best  seams  of  Coal 
appear  to  have  been  chiefly  formed  by  the  accumulation  of  these 
* niegaspores.’ 


:’>48.  Thus,  in  our  ascent  from  the  lower  to  the  higher  Cryptogams, 
we  have  seen  a gradual  change  in  the  general  plan  of  structure, 
bringing  their  superior  types  into  a close  approximation  to  the 
Flowering  Plant,  which  is  undoubtedly  the  highest  form  of  vegeta- 
tion. But  we  have  everywhere  encountered  a mode  of  G-eneration, 
which,  whilst  essentially  the  same  throughout  the  series,  is  no  less 
essentially  distinct  from  that  of  the  Phanerogam  ; the  fertilizing- 
material  of  the  ‘ sperm-cells’  being  embodied,  as  it  were,  in  self- 
moving  filaments,  which  find  their  way  to  the  ‘ germ-cells’  by  their 
own  independent  movements  ; and  the  ‘ embryo-cell’  being  destitute 
of  that  store  of  prepared  nutriment,  which  surrounds  it  in  the  true 
Seed,  and  supplies  the  material  for  its  early  development.  In  the 
lower  Cryptogamia,  we  have  seen  that  the  fertilized  oospore 
is  thrown  at  once  upon  the  world  (so  to  speak)  to  get 
its  own  living ; but  in  Ferns  and  their  allies,  the  ‘ embryo-cell’  is 
nurtured  for  a while  by  the  iirothallium  of  the  parent  plant. 
While  the  true  reproduction  of  the  species  is  effected  by  the  proper 
Generative  act,  the  multiplication  of  the  individu,al  is  accomplished 
by  the  production  and  dispersion  of  ‘ gonidial’  spores  ; and  this  pro- 
duction, as  we  have  seen,  takes  place  at  very  different  periods  of 
existence  in  the  several  groui^s,  dividing  the  life  of  each  into  two 
separate  epochs,  in  which  it  presents  itself  under  two  very  distinct 
phases  that  contrast  remarkably  with  each  other.  Thus,  the  frond 
of  the  Marchantia  evolved  from  the  spore,  and  bearing  the  anthe- 
ridia  and  archegonia,  is  that  which  seems  naturally  to  constitute 
the  Plant ; but  that  which  represents  this  phase  in  the  Ferns  is  the 
minute  Marchantia-like  prothallium.  In  Ferns,  on  the  other  hand, 
the  product  into  which  the  fertilized  ‘ embryo-cell’  evolves  itself,  is 
that  which  is  commonly  regarded  as  the  Plant ; and  this  is  repre- 
sented in  the  Liverworts  and  Mosses  by  the  spore-capsule  alone.* — 
We  shall  encounter  a similar  diversity  (which  has  received  the  in- 
appropi-iate  designation  of  ‘ altei-nation  of  generations’)  in  some  of 
the  lower  forms  of  the  Animal  Kingdom. 

_ • For  more  dotailod  information  on  the  Striu-tnro  and  Olas.silication  of  tlio 
Lryijtogainia  generally,  tiio  roiuhsr  is  referred  to  Prof.  Sachs’  “Text-book  or 
liotany,”  (iJennett’s  translation),  and  to  Prof.  Hofmeistei-’s  large  “ JIandbneh 
der  PhysiologischeTi  Potanik.” 


OHAPTEE  IX. 


OF  THE  MICKOSCOPIC  STRUCTURE  OP  PHANEROGAMIC  PLANTS. 

349.  Between  the  two  great  divisions  of  the  Vegetable  kingdom 
which  are  known  as  Cryptogamia  and  Phanerogaviia,  the  separa- 
tion is  by  no  means  so  abmpt  as  it  fonnerly  seemed  to  be.  For,  a.s 
has  been  already  shown,  though  the  Cryptogamia  were  formerly 
regarded  as  altogether  non-sesnal,  a true  Generative  process,  re- 
quiring the  concurrence  of  male  and  female  elements,  is  traceable- 
throughont  the  series.  And  in  the  higher  types  of  that  series,  we 
have  seen  a foreshadowing  of  those  provisions  for  tlie  nurture  of  the 
fertilized  embryo,  which  constitute  the  distinctive  characters  of  the 
Phanerogamia.  On  the  other  hand,  although  we  are  accustomed 
to  speak  of  Phanerogamia  as  ‘flowering-plants,’  yet  not  only  are  the 
conspicuous  parts  of  the  flower  often  wanting,  but  in  the  import^t 
group  of  G-ymnosperms  (including  the  ConifercB  and  Gycadea),  the 
essential  parts  of  the  Generative  apparatus  are  reduced  to  a con- 
dition of  extreme  simplicity,  closely  approximating  to  that  of  the 
higher  Cryptogams.  There  are,  however,  certain  fundamental 
differences  between  the  modes  in  wliich  the  act  of  fertilization  is 
jierformed  in  the  two  groups.  For  (1)  whilst  in  all  the  higher 
Cryptogams,  it  is  in  the  condition  of  free-mov’ing  ‘ antherozoids 
that  the  contents  of  the  speim-cell  find  their  way  to  the  germ-cell, 
these  are  conveyed  to  it,  throughout  the  Phanerogamic  senes,  by  an 
extension  of  the  lining  membrane  of  the  sperm -cell  or  pollen-gram 
into  a tube,  which  penetrates  to  the  germ-cell_  contamed  in  the 
interior  of  the  body  called  the  ‘ ovule.’  Again  (2),  whfle  the 
‘ germ-ceir  or  oosphere  in  the  higher  Cr3'ptogams  is  c<mtained  in 
a stracture  that  originated  in  a spore  detached  from  the  parent- 
plant,  it  is  not  only  formed  and  fertilized  in  all  Phanerogams 
whilst  still  borne  on  the  parent  fabric,  but  continues  for  some  time 
to  draw  from  it  the  nutriment  it  requires  for  its  development 
into  the  ‘ embryo.’  And  at  the  time  of  its  detachment  from  the- 
iiarent,  the  matured  ‘ seed’  contains,  not  merely  an  ‘ embpn 
already  advanced  a considerable  stage,  but  a store  of  nutriineut  to 
serve  for  its  further  development  during  germination.  As  there  is 
nothing  parallel  to  this  among  Cryptogams,  it  may  be  said  tnat 
reproduction  by  seeds,  not  the  possession  of  flowers,  is  the  dj^pnC' 
tive  character  of  Phanerogams.  The  ovules,  which  when 
and  matured  become  seeds,  are  developed  from  specially 
leaves,  which  remain  open  in  Gymnosperms,  but  which,  in  ^ 
1‘hancrocrams,  fold  together  so  as  to  enclose  the  ovules  within  .m 
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• ovarv.’  Each  ovule  consists  of  a ‘ micleus’  surrotmded  by  ‘ integu- 
ments’ which  remain  unclosed  at  its  anterior  end,  leaving  open  a 
short  canal  tenned  the  ‘ micropyle.’  One  cell  of  the  nucleus  under- 
goes great  enlargement,  and  becomes  the  embryo-sac,  whose  cavity 
fs  filled,  in  the  first  instance,  with  a mucilaginous  fluid  containing 
])rotoplasm.  At  the  end  of  the  embryo-sac  nearest  the  micropyle, 
a germ-cell  or  ‘ oosphere’  is  developed  ; in  Phanerogams  generally 
by  free  cell-formation  (_§  226),  but  in  Gymnospernis  indirectly  as  the 
product  of  the  formation  of  a ‘ corpusculum,’  which  represents  the 
L-chegonium  of  Selaginella  (§  347).  By  a further  process  of  free 
cell-formation,  the  remainder  of  the  embryo- sac  comes  to  be  filled 
with  cells,  constituting  what  is  termed  the  ‘ endosperm  and  this 
sei-ves,  like  the  prothallium  of  Ferns,  to  imbibe  and  prepare  nutri- 
ment wliich  is  afterwards  aj)propriated  by  the  embryo.  In  many 
) seeds  (as  those  of  the  Lerjuminosoe)  the  whole  nutritive  material  of 

; the  endosperm  has  been  absorbed  into  the  ‘ cotyledons’  (or  seed- 

lobes)  of  the  embryo,  by  the  time  that  the  seed  is  fully  matured 
and  independent  of  the  parent ; but  in  other  cases  it  remains  as  a 
“ separate  albumen.’  In  either  case  it  is  taken  into  the  substance  of 
the  Embryo  during  its  germination. 

330.  Elementary  Tissues.— No  marked  change  shows  itself  in 
general  organization,  as  we  pass  from  the  Cryptogamic  to  the 
Phanerogamic  Series  of  Plants.  For  a large  proportion  of  the 
fabric  of  even  the  most  elaborately  formed  Tree  (including  the  parts 
most  actively  concerned  in  living  action)  is  made  up  of  components 
of  the  very  same  kind  with  those  which  constitute  the  entire 
organisms  of  the  simplest  Cryptogams.  For  although  the  Stems, 
Branches,  and  Roots  of  trees  and  shrubs  are  principally  composed 
of  vjoody  tissue,  such  as  we  do  not  meet  with  in  any  but  the  highest 
Cryptogamia,  yet  the  special  office  of  this  is  to  afford  mechanical 
suppoi*t : when  it  is  once  formed,  it  takes  no  further  share  in  the 
vital  economy,  than  to  serve  for  the  conveyance  of  fluid  from  the 
roots  upwards  through  the  stem  and  branches,  to  the  leaves  ; and 
even  in  these  organs,  not  only  the  pith  and  the  bark,  with  the 
. ■ medullary  rays,’  which  serve  to  connect  them,  but  that  ‘ cambium- 
layer’  intervening  between  the  bark  and  the  wood  (§  372),  in  which 
the  periodical  formation  of  the  new  layers  both  of  bark  and  wood 
takes  place,  arc  composed  of  Cellular  substance.  This  tissue  is 
found,  in  fact,  wherever  yroioth  is  taking  place  ; as,  for  example, 
in  the  ‘ spongioles’  or  growing-points  of  the  root-fibres,  in  the  leaf- 
biids  and  leaves,  and  in  the  flower -buds  and  sexual  parts  of  the 
Hf»wor  : it  is  only  when  these  organs  attain  an  advanced  stage  of 
development,  that  woody  structure  is  found  in  them, — its  function, 
(as  in  the  stem)  being  merely  to  give  suppoi’t  to  their  softer  tex- 
tures ; and  the  small  proportion  of  their  substance  which  it  forms, 
being  at  once  seen  in  those  beautiful  ‘ skeletons,’  which,  by  a little 
skill  and  perseverance,  maw  be  made  of  leaves,  liowers,  and  ceitaiu 
Irnits.  All  the  softer  and  more  pulpy  tissue  of  these  organs  is 
composed  of  cells,  more  or  less  compactly  aggregated  together,  and 
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having  forms  that  approximate  more  or  less  closely  to  the  globular 
or  ovoidal,  ■which  may  be  cousidei-ecl  as  their  original  type. 

361.  As  a general  imle,  the  rounded  shape  is  preserved  only  when  i 
the  cells  are  but  loosely  aggregated,  as  in  the  iDarenchymatous  (or 
pulpy)  substance  of  leaves  (Fig.  235),  and  it  is  then  only  that  the  i 
distinctness  of  their  walls  become  evident.  When  the  tissue 
becomes-  more  solid,  the  sides  of  the  vesicles  are  pressed  against  each  •; 

Fig.  235.  i 


Srtc'.ion  of  Leaf  of  Agave^  treated  with  dilute  nitric  acid, 
showing  the  primordial  utricle  couti-;icted  in  the  interior  of 
the  cells : — a.  Epidermic  cells ; h,  boundary-cells  of  the  stoma ; 
c,  cells  of  parenchyma ; d,  their  primordial  utricles. 

other,  so  as  to  flatten  them  and  to  bring  them  into  close  apposition ; 
and  they  then  adhere  to  one  another  in  such  a manner,  that  the 
partitions  appear,  except  when  carefully  examined,  to  be  single 
instead  of  double  as  they  really  are.  Frequently  it  happens  that 
the  jDressure  is  exerted  more  in  one  direction  than  in  another,  so 
that  the  form  presented  by  the  outline  of  the  cell  varies  according 
to  the  direction  in  which  the  section  is  made.  This  is  well  shown 
in  the  pith  of  the  young  shoots  of  Elder,  Lilac,  or  other  rapidly 
growing  trees  ; the  cells  of  which,  when  cut  transversely,  generally 
exhibit  circular  outlines  ; whilst,  when  the  section  is  made  vertically, 
their  borders  are  straight,  so  as  to  make  them  ajDpear  like  cubes  or 
elongated  prisms,  as  in  Fig.  235.  A very  good  example  of  such  a 
cellular  parenchyma  is  to  be  found  in  the  substance  known  as  Kicc- 
napo* ; which  is  made  by  cutting  the  herbaceous  stem  of  a Chinese 
plant  termed  Aralia  papyrifera*  vertically  round_  and  round  with 
a long  sharp  knife,  so  that  its  tissues  may  be  (as  it  were)  unrolled 
in  a sheet.  The  shape  of  its  cells  when  thus  prepared,  is  irregularly 

* Tlie  ^Eschnnomene.,  which  is  sometimes  named  as  the  source  of  this  .article, 
is  an  Indian  plant  employed  for  a similarpurpose. 
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jn-isiuatic,  as  sliown  in  Fig.  236,  b ; but  if  the  stem  bo  cut  trans- 
versely, tlieir  outlines  are  seen  to  be  circular  or  nearly  so  (a). 
When,  as  often  hajopens,  the  cells  have  a very  elongated  form,  this 
elongation  is  in  the  direction  of  their  growth,  which  is  that,  of 
course,  wherein  there  is  least  resistance.  Hence  their  greatest 
length  is  nearly  always  in  the  direction  of  the  axis  ; but  there  is 
one  remarkable  exception, — that,  namely,  which  is  afforded  by  the 
* medullary  rays  ’ of  Exogenous  stems  (§  370),  Avhose  cells  are 
greatly  elongated  in  the  horizontal  direction  (Fig.  259,  a),  their 
growth  being  from  the  centre  of  the  stem  towards  its  circumference. 
It  is  obvious  that  fluids  will  be  more  readily  transmitted  in  the 
dhection  of  greatest  elongation,  being  that  in  which  they  will  have 
to  pass  through  the  least  number  of  partitions  ; and  Avhilst  their 

Fig.  23G. 

A 


Sections  of  Cellular  Pai'euchynia  of  yimZtn,  or  Rice-paper 
)ilant: — a,  transversely  to  the  axis  of  the  stein;  n,  in  the 
'lirection  of  the  axis. 

ordinary  course  is  in  the  direction  of  the  length  of  the  Hoots, 
bteras,  or  Branches,  they  Avill  be  enabled  by  means  of  the  medul- 
lary rays  to  And  their  way  in  the  transverse  direction. — One  of  the 
most  curious  vaiaeties  of  form  which  Vegetable  cells  jnesent,  is 
the  stellate  cell,  represented  in  Fig.  237,  forming  the  spongy  paren- 
cnymatous  substance  in  the  stems  of  many  aquatic  plants,  of  the 
Itv.sh  for  example,  which  are  furnished  with  air-spaces.  In  other 
instances,  these  air-spaces  are  large  cavities  which  are  altogether 
ett  void  of  tissue  : such  is  the  case  in  the  ISfuphar  Itrtea  (yellow 
water-lily),  the  footstalks  of  whose  leaves  contain  large  air-chambers, 
tlie  walls  of  Avhich  are  built  up  of  very  regular  cubical  cells,  whilst 
cnriously-fonned  large  stellate  cells  jAroject  into  the  cavity 
which  they  bound  (Fig.  238). — The  dimensions  of  the  component 
I'esicles  of  Cellular  tissue  are  extremely  variable;  for  although 
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tlieir  diameter  is  very  commonly  between  l-‘300tli  and  l-500tli  ot 
an  incb,  they  occasionally  measure  as  much  as  l-30tli  of  an  inch 
across,  whilst  in  other  instances  they  are  not  more  than  l-300th. 

352.  The  component  cells  of 


Fig.  237 


Cellular  tissue  are  usually  held 
together  by  an  intercellular 
substance,  which  may  be  con- 
sidered analogous  to  the  ‘ gela- , 
tinous’  layer  that  inteiwenes  ' 
lietween  the  cells  of  the  Algae 
(§229).  This,  in  an  early  stage  I 
of  their  development,  is  often 
very  abundant,  occupying  more  : 
space  than  the  cells  themselves, ; 
as  is  seen  in  Fig.  239,  A;  and  the; 
cell-cavities  are  not  separated  . 


from  it  by  theintei-position  of  a 1 


Section  of  Cellular  iDareucliyma  of  -- — - a 4-u 

distinct  membrane.  As  the 
cells  enlarge  and  increase  by  duplicative  sub-division  (b),  the 

intervening  substance  diminishes  in  relative  amount ; and  as  the 

cells  advance  towards  their  mature  condition  (c),  it  merely  shows 
itself  as  a thin  layer  between  them.  There  are  mauy  forms  of  fully 

developed  cellular  parenclijuna. 


Cubical  pareuchyma,  with  stellate  cells, 
from  petiole  of  Kiq)har  Intea. 


in  which,  in  con  sequence  of  the 
loose  aggregation  of  their  coni- 
ponent  cells,  these  maybe  reacUlv 
isolated,  so  as  to  be  prepared  for 
separate  examination  without  if 
the  use  of  re-agents  which  alter 
their  condition  : this  is  the  case 
with  the  pulp  of  ripe  fruits,  such  ‘ jf 
as  the  Strawberry  or  Currant  .-tl 
(the  Snowberry  is  a particularly  ^ 
favourable  subject  for  this  kind  :a 
of  examination),  and  with  the 
parenchyma  of  many  flesh)  sw 
leaves,  such  as  those  of  the  Cai-  >.) 
nation  {Dianihus  canjophyUu^  dv 
or  the  London  Pride  (iS'ewi^/rfli/i 
crassifolia).  Such  cells  usua.lb  tw 
contain  evident  nuch!,  wind  dm 
are  turned  brownish-yellow  b)  » 
iodine,  whilst  their  membram  w 
is  only  turned  pale  - yellow  ew 
and 


when,  as  often  happras,  it  is 


in  this  way  the  nuclcu:  [Ijc 
may  be  brought  into  view 
not  previously  distinguishable  uti 


If  a drop  oi  tne  loiu/mu  buauwuia  ul  v,.  -- 

pieutly  added,  the  cell-membrane  becomes  of  a beautiful  in 


drop^of.the  solution  of  cMonao^of 
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colour,  whilst  the  nucleus  aud  the  granular  protoplasm  that  sur- 
rounds it  retain  their  brownish-yellow  tint.  The  use  of  dilute  nitric 
or  sulphuric  acid,  of  alcohol,  of  syrup,  or  of  several  other  reagents, 
soiwes  to  bring  into  view  the  primordial  utricle  (§  223)  ; its  contents 
being  made  to  coagulate  and  shrink,  so  that  it  detaches  itself  from 
.the  cellulose  wall  with  which  it  is  ordinarily  in  contact,  and  shrivels 
uj>  witliin  its  cayity,  as  shown  in  Fig.  235.  It  would  be  a mistake, 
however,  to  regard  this  as  a distinct  membrane ; for  it  is  nothing 
else  than  the  peripheral  layer  of  protoplasm,  naturally  somewhat 
more  dense  than  that  which  it  includes,  but  deriving  its  special 
consistence  from  the  operations  of  reagents. 


Fig.  239. 


Succe.ssivo  stages  of  Cell-formation  in  the  development  of  the  Leaves 
of  Anarhari.1  alslnastrum : — A,  growing  point  of  the  branch,  consisting 
of  a pi'otoplasmic  mass  with  young  cells,  the  projections  at  its  base 
l^eing  the  rudiments  of  leaves ; n,  portion  of  one  of  these  incipient 
leaves  in  a more  advanced  condition;  c,  tho  same  in  a still  later  stage 
of  development. 


3"o3.  It  is  probable  that  all  Cells,  at  some  stage  or  other  of  their 
.grftwth,  exhibit,  in  a greater  or  less  degree  of  intensity,  that 
curious  movement  of  ajclosis,  which  has  been  already  described  as 
occurring  in  the  Characece  (§  258),  and  which  consists  in  the  steady 
now  of  one  or  of  several  currents  of  protoplasm  over  the  inner 
'Vidl  of  the  cell ; this  being  rendered  apparent  by  the  movement  of 
the  particles  which  the  current  carries  along  with  it.  The  best 
examples  of  it  are  found  among  submerged  plants,  in  the  cells  of 
winch  it  continues  for  a much  longer  period  than  it  usually  docs 
elsewhere  ; and  among  these  are  two,  the  ValUsneria,  spiralis  and 
tuo  Anacha.ris  alsimastimm,  which  are  peculiarly  fitted  for  the  exhi- 
•ition  of  this  interesting  phenomenon. — The  Vnllisneria  is  an 


428  MIGllOSOOPIG  STRUCTURE  OF  PHANEROGAMIC  PLANTS. 


aquatic  plant  that  grows  abundantly  in  the  rivers  of  the  south  of 
Europe,  but  is  not  a native  of  this  country ; it  may,  however,  be 
readily  grown  in  a tall  glass  jar  having  at  the  bottom  a couple 
of  inches  of  mould,  which,  after  the  roots  have  been  inserted  into 
it,  should  be  closely  pressed  down,  the  jar  being  then  filled  vdth 
water,  of  which  a poi’tion  should  be  occasionally  changed.*  The 
jar  should  be  freely  exposed  to  light,  and  should  be  kept  in  as 
warm  but  equable  a temperature  as  possible.  The  long  grass-like 
leaves  of  this  plant  are  too  thick  to  allow  the  transmission  of 
sufficient  hght  through  them  for  the  purpose  of  this  observation ; 
and  it  is  requisite  to  make  a thin  slice  or  shaving  with  a sharp 
knife.  If  this  be  taken  from  the  surface,  so  that  the  section 
chiefly  consists  of  the  superficial  layer  of  cells,  these  will  be 
found  to  be  small,  and  the  particles  of  chloroph}’’!!,  though  in 
great  abundance,  will  rarely  be  seen  in  motion.  This  layer  should 
therefore  be  sliced  oflf  (or,  perhaps  still  better,  scraped  away)  so  as 
to  bring  into  view  the  deeper  layer,  which  consists  of  larger  cells, 
some  of  them  greatly  elongated,  with  particles  of  chlorophyll  iu 
smaller  number,  but  carried  along  in  active  rotation  by  the  cuiTCut 
of  protoplasm ; and  it  will  often  be  noticed  that  the  directions  of 
the  rotation  in  contiguous  cells  are  opposite.  If  the  movement 
(as  is  generally  the  case)  be  checked  by  the  shock  of  the  operation, 
it  will  be  revived  again  by  gentle  warmth ; and  it  may  continue 
irnder  favourable  circumstances,  in  the  separated  fragment,  for  a 
period  of  weeks,  or  even  of  months.  Hence,  when  it  is  desired  to 
exhibit  the  phenomenon,  the  preferable  method  is  to  prepare  the 
sections  a little  time  before  they  are  likely  to  be  wanted,  and  to 
carry  them  in  a small  vial  of  water  in  the  waistcoat  pocket,  so  that 
they  may  receive  the  gentle  and  continuous  warmth  of  the  bod}'. 
In  summer,  when  the  plant  is  in  its  most  vigorous  state  of  growth, 
the  section  may  be  taken  from  any  one  of  the  leaves ; but  in  winter, 
it  is  preferable  to  select  those  which  are  a little  yellow.  An  Objec- 
tive of  l-4th  inch  focus  will  serve  for  the  observation  of  this  in- 
teresting phenomenon,  and  very  little  more  can  be  seen  -with  a l-8th 
inch ; but  the  l-25th  inch  constructed  by  Messrs.  Powell  and 
Lealand  enables  the  borders  of  the  protoplasmic  current,  which 
carries  along  the  particles  of  chlorophyll,  to  be  distinctly  defined : 
and  this  beautiful  phenomenon  may  be  most  luxuriously  watched 
under  their  patent  Binocular  (§  81). 

354.  The  Anacharis  alsinastrum  is  a water-weed,  which,  haviug 
Ijcen  accidentally  introduced  into  this  country  several  years  ago. 
has  since  spread  itself  with  such  rapidity  through  oiu-  cauMs  aud 
nvers,  as  in  many  instances  seriously  to  impede  their  navigation. 


I 


* Mr.  Quekett  fouml  it,  the  most,  cenvciiieut  method  of  chnuging  the  vMtn 
in  the  jars  in  wldch  Ohara,  Vnllisueria,  Ac.,  are  growing,  to  place  tlieni  oc<-a- 
,1y  under  a water-tap,  and  allow  a very  gentle  stream  to  fall  into  them  mi 

be 


rome'hours;  for  by  the  prolonged  overflow  thus  occasioned,  all  the 
water,  with  the  Conferva  that  is  apt  to  grow  on  the  sides  of  the  vessel,  m.i} 
i-cadily  got  rid  of. 
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It  does  not  require  to  root  itself  in  the  bottom,  but  floats  in  any 
jiart  of  the  water  it  inhabits ; and  it  is  so  tenacious  of  life,  that 
oven  small  fragments  are  sufficient  for  the  origination  of  new 
plants.  The  leaves  have  no  distinct  cuticle,  but  are  for  the  most 
part  composed  of  two  layers  of  cells,  and  these  are  elongated  and 
colourless  in  the  centre,  forming  a kind  of  midrib ; towards  the 
margins  of  the  leaves,  however,  there  is  but  a single  layer.  Hence 
no  preparation-  whatever  is  required  for  the  exhibition  of  this 
interesting  phenomenon  ; all  that  is  necessary  being  to  take  a leaf 
from  the  stem  (one  of  the  older  yellowish  leaves  being  preferable), 
and  to  place  it  with  a drop  of  water,  either  in  the  Aquatic-box,  or 
on  a slip  of  glass  beneath  a thin-glass  cover.  A higher  magnifying- 
power  is  required,  however,  than  that  which  suffices  for  the  exa- 
mination of  the  cyclosis  in  Chara  or  in  Yallisneria ; the  l-8th  inch 
Object-glass  being  here  preferable  to  the  l-4th,  and  the  assistance 
of  the  Achromatic  Condenser  being  desirable.  With  this  amjDlifi- 
cation,  the  phenomenon  may  be  best  studied  in  the  single  layer  of 
marginal  cells ; although,  when  a lower  power  is  used,  it  is  most 
evident  in  the  elongated  cells  forming  the  central  portion  of  the 
leaf.  The  number  of  chloroj)hyll-granules  in  each  cell  varies  from 
tlu’ee  or  four  to  upwards  of  fifty  ; they  are  somewhat  irregular  in 
shape,  some  being  nearly  circular  flattened  discs,  whilst  others  are 
oval ; and  they  are  usually  from  l-3000th  to  l-5000th  of  an  inch 
in  diameter.  When  the  rotation  is  active,  the  greater  number  of 
these_  granules  travel  round  the  margin  of  the  cells,  a few,  however, 
remaining  fixed  in  the  centre : their  rate  of  movement,  though  only 
140th  of  an  inch  per  minute,  being  sufficient  to  carry  them  several 
times  round  the  cell  within  that  period.  As  in  the  case  of  the 
allisueria,  the  motion  may  frequently  be  obseiwed  to  take  place 
in  opposite  directions  in  contiguous  cells.  The  thickness  of  the 
layer  of  protoplasm  in  which  the  granules  are  carried  round,  is 
e.stimated  by  Mr.  Wenham  at  no  more  than  l-20,000th  of  an  inch. 

hen  high  powers  and  careful  illumination  are  employed,  delicate 
ripifles  may  be  seen  in  the  protoplasmic  currents.^ 

355.  Cyclosis,  however,  is  by  no  means  restiicted  to  submerged 
plants ; for.  it  has  been  witnessed  by  numerous  obseiwers  in  so 
gfeat  a variety  of  other  species,  that  it  may  fairly  be  presumed  to 
be  uuiversal.  It  is  especially  observable  in  the  hairs  of  the  Epi- 
dermic surface;  and  according  to  Mr.  Wenham,f  who  has  given 
much  attention  to  this  subject,  “ the  difficulty  is  to  find  the  exce^)- 
tions,  for  hairs  taken  alike  from  the  loftiest  Elm  of  the  forest  to 
the  humblest  weed  that  we  trample  beneath  our  feet,  plainly  ex- 
lubitthis  circulation.”  Such  hairs  are  furnished  by  various  paHs  of 

* “ Quart.  Jouru.  of  Microsc.  Scionce,”  Vol.  iii.  (1855),  p.  277. 

■t-  , /'*■  yap-Girculation  in  Plants,’  in  “Quart. .Jonrn.  of  Microsc.  Science,” 
"I.  IV.  (185G),  p.  44. — It  is  unfortunate  that  Mr.  Wenham  sluuihl  have  tised 
le  term  ‘ circulation’  to  designate  this  phenomenon,  which  has  nothing  in 
eonnnoii  with  that  movement  of  nutritive  fluid  through  tubes  or  chanuels,  to 
"lucii  the  tenu  is  properly  .applicable. 
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])lants  ; and  what  is  chiefly  necessary  is,  that  the  part  from  which 
the  hair  is  gathered  should  be  in  a state  of  vigorous  growth.  The 

hairs  should  be  detached  by 
tearing-off  with  a pair  of  flue- 
pointed  forceps,  the  portion 
of  the  cuticle  from  which 
they  spring ; care  being  taken 
not  to  grasp  the  hair  itself, 
whereby  such  an  injury  would 
be  done  to  it  as  to  check  the 
movement  within  it.  The 
hair  should  then  be  x>laced 
with  a drop  of  water  under 
thin  glass  ; and  it  wiU  gene- 
rally be  found  advantageous 
to  use  a l-8thinch  Objective, 
with  an  Achromatic  Con- 
denser having  a series  of 
diaphragms.  The  nature  of 
the  movement  in  the  hairs 
of  different  species  is  far  from 
being  uniform.  In  some  in- 
stances, the  currents  pass  in 
single  lines  along  the  entire 
length  of  the  cells,  as  in  the 
hairs  from  the  filaments  of 
the  Tradescantiavirgini<yi, or 

Virginian  Spider  wort  (Fig. 
240,  a)  ; in  others  there  are 
several  such  cuiTents  which 
retain  their  distinctness,  as 
in  the  jointed  hairs  of  the 
calyx  of  the  same  plant  (b)  : 
in  others,  again,  the  streams 
coalesce  into  a network,  the 
reticulations  of  which  cliauge 
their  position  at  short  inter- 
vals, as  in  the  hairs  of  Glnv- 
cium  luteum ; whilst  there 
are  cases  in  which  the  cur- 
rent flows  in  a sluggish  uui- 
formly-mo^^ng  sheet  or  layer. 


Rotation  of  fluid  in  Hairs  of  Tradescan- 
tia  Virginica: — A,  portion  of  cuticle  with 
hair  attached;  a,  b,  c,  successive  cells  of 
the  hair ; d,  cells  of  the  cuticles  ; e.  Stoma : 
— 13,  joints  of  a beaded  hair,  showing  seve- 
ral currents ; a,  Nucleus. 


Where  several  distiuct  currents  exist  in  one  cell,  they  are  all  found 
to  have  one  common  point  of  dejiarture  and  return,  namely,  the 
nucleus  (u,  a) ; from  wliich  it  seems  fairly  to  be  inferred  that  this 
body  is  the  centre  of  the  vital  activity  of  the  cell. — Mr.  Wenham 
states  that  in  all  cases  in  which  the  cyclosis  is  seeir  in  the  hairs 
of  a plant,  the  cells  of  the  cuticle  also  display  it,  provided  that  their 
walls  are  not  so  opaque  or  so  strongly  marked  as  to  prevent  the 


I 
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i movemcut  from  being  distiuguislied.  The  cuticle  may  be  most 
» readily  tom  off  from  the  stalk  or  the  midrib  of  the  leaf ; and  must 
i then  be  examined  as  speedily  as  possible,  since  it  loses  its  vitality 

i when  thus  detached,  much  sooner  than  do  the  hairs.  Even  whcii 

I no  obvious  movement  of  particles  is  to  be  seen,  the  existence  of  a 
) cyclosis  may  be  concluded  from  the  peculiar  arrangement  of  the 
i , molecules  of  the  irrotoplasm,  which  are  remarkable  for  their  liigh  re- 
fractive power,  and  which  when  arranged  in  a ‘ moving-train,’  appear 
as  bright  lines  across  the  cell ; and  these  lines,  on  being  cai'efully 
watched,  are  seen  to  alter  their  relative  positions. — The  leaf  of 
i the  common  Plautago  (Plantain  or  Dock)  furnishes  an  excellent 
i example  of  cyclosis  ; the  movement  being  distinguishable  at  the 
I same  time  both  in  the  cells  and  in  the  hairs  of  the  cuticle  torn  from 
I its  stalk  or  midrib.  It  is  a cirrious  circumstance  that  when  a plant 
which  exhibits  the  cyclosis  is  kept  in  a cold  dark  place  for  one  or  two 
days,  not  only  is  the  movement  suspended,  but  the  moving  particles 
collect  together  in  little  heaps,  which  are  broken-up  again  by  the 
separate  motion  of  their  particles,  when  the  stimulus  of  light  and 
warmth  occasions  a renewal  of  the  activity.  It  is  well  to  collect 
the  spechnens  aboxrt  midday,  that  being  the  time  when  the  rotation 
is  most  active,  and  the  movement  is  usually  quickened  by  artificial 

Bwaimth,  which,  indeed,  is  a necessary  condition  in  some  instances 
to  its  being  seen  at  all.  The  most  convenient  method  of  applying 
this  warmth,  wliile  the  object  is  on  the  stage  of  the  Microscojoe,  is 
to  blow  a stream  of  air  upon  the  thin-glass  cover,  through  a glass 
or  metal  tube  p»reviously  heated  in  a spirit-lamp. 

356.  The  walls  of  the  cells 
of  plants  are  frequently  thick- 
ened by  internal  deposits, 
which  may  present  very 
(lifferent  appearances  accord- 
ing to  the  manner  in  wliich 
I they  are  aiTanged.  In  its 
simplest  condition,  such  a 
! deposit  forms  a thin  unifomi 
layer  over  the  whole  internal 
.surface  of  the  cellulose-wall. 


, . Tissue  of  the  Testa  or  Seed-coat  of  a Slnr- 

X pores,  as  their  aspect  Anise: — a,  us  seen  in  section;  n,  as  seen  on 
might  naturally  suggest,  but  the  surface, 
are  merely  pomts  at  which 

the  deposit  is  wanting,  so  that  the  original  cell- wall  there  remains  uii- 
thickened.  A more  complete  consolidation  of  Cellular  tissue  is  elfocted 
oy  deposits  of  sderogern,  (a  substance  which,  when  separated  from  the 


scarcely  detracting  at  all  from 
its  transparence,  and  chiefly 
distinguishableby  the  ‘dotted’ 
appearance  which  the  mem- 
brane then  presents  (Fig.  236, 
a).  These  dots,  however,  are 
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resinous  and  other  matters  that  are  commonly  associated  with  it. 
is  found  to  he  allied  in  chemical  composition  to  cellulose)  in  succes- 
swe  layers,  one  within  another  (Fig.  241,  a),  which  present  them- 
selves as  concentric  rings  when  the  cells  containing  them  are  cut 
through ; and  these  layers  are  sometimes  so  thick  and  numerous 
as  almost  to  obliterate  the  original  cavity  of  the  cell.  By  a con- 
tinuance of  the  same  arrangement  as  that  which  shows  itself  m 
the  single  layer  of  the  dotted  cell— each  deposit  being  deficient 


Fig.  242. 


Fig.  243. 


Section  of  Cherry-stone,  cutting 
the  cells  transversely. 


Section  of  Cotinilla-nut,  in  the 
direction  of  the  long  diameters 
of  the  cells. 


at  certain  points,  and  tiese 

in  the  successive  layers— a semes  of  passages  is  left,  by  wliicli  the 
camty  of  the  cell  is  extended  at  some  points  to  its  menibranous 
wall and  it  commonly  happens  that  the  points  at  which  tl  t 

depokt  is  wanting  on  the  waUe  of  ^ 


tissue  tliat  tne  Stones  ui  ^ , 

surrounds  the  seeds  and  forms  little  hard  points  in  the  ^eshy  s 
stance  of  the  Pear,  the  shell  of  the  Cocoa-nut._  and  the  albumen  of  | 
the  seed  of  Phijtelephas  (known  as  ‘ vegetable  ivory  ),  aie  made  ii] 
and  we  see  the^use  of  this  very  curious  arrangement,  in  permittiu  j 
rim  cdls  even  after  they  have  attained  a considerable  degree  ol| 
consolidation,  still  to  remain  permeable  to  the  fluid  veqiiircd  foi  t 
lintritioii  of  the  parts  which  such  tissue  encloses  and  protect... 

The  deposit  sometimes  assumes,  however,  the  oiui 
dci!nitc]!i°crb  iutewor  of  cell.,  ao  a.  U 


FIBRE-CELLS. 


A 


Fig.  t.M‘1 


Spiral  cells  of  leaf  of  Oncidinm. 


form  u single,  a double,  or  even  a trij^le  or  quadruple  spire  (Fio-. 

Such  Hjpiral  cells  are  found  most  abundantly  in.  the  leaves  of 
certain  Orchideous  plants,  immedi- 
ately beneath  the  cuticle,  where  they 
are  brought  into  view  by  vertical  sec- 
tions ; and  they  may  be  obtained  in 
an  isolated  state  by  macerating  the 
loaf  and  peeling  off  the  cuticle  so  as  to 
expose  the  layer  beneath,  which  is  then 
easily  separated  into  its  components. 

In  an  Orchideous  plant,  named  Sacco- 
Ifibhim  giMatimi,  the  sjiiral  cells  are 
unusually  long,  and  have  spires  wind- 
ing in  opposite  directions  ; so  that,  b}' 
their  mutual  intersection,  a series  of 
diamond  - shaped  markings  is  pro- 
<luced.  Spiral  cells  are  often  found 
upon  the  surface  of  the  testa  or  outer 
coat  of  seeds:  and  in  the  Gollnmia  rfrancUflora,  the  Salvia  verhc- 
/mm  ("Vlild  Clary),  and  some  other  jilants,  the  membrane  of  these 
cells  is  so  weak,  and  the  elasticity  of  their  fibres  so  great,  that,  when 
the  rnembrane  is  softened  by  the  action  of  water,  the  fibres  suddenly 
uncoil  and  elongate  themselves  (Fig.  245),  springing  out,  as  it  were, 
from  the  surface  of  the  seed,  to  which  they  give  a jieculiar  floccu- 
lent  appearance.  This  very  cu- 
rious phenomenon,  which  is  not  ^ 

unfrequently  spoken  of  by  per- 
sons ignorant  of  its  true  nature 
as  the  ‘ germination’  of  the  seed, 
may  be  best  observed  in  the 
following  manner: — A veiy  thin 
transverse  slice  of  the  seed 
should  first  be  cut,  and  laid  upon 
the  lower  glass  of  the  Aquatic 
box ; the  cover  should  then  be 
pressed  down,  and  the  box  placed 
upon  the  stage,  so  that  the  Mi- 
croscope may  be  exactly  focussed 
to  the  object,  the  power  ein- 
plovcd  being  the  i-inch,  2-3rds 
inch,  or  the  ^-inch.  The  cover 
of  the  aquatic-box  being  then 
removed,  a small  drop  of  water 
siiould  be  placed  on  that  jiart  of 
its  internal  surface  with  which 
1 10  slice  of  the  seed  had  been  in  contact ; and  the  cover  being  re- 
paced,  the  object  should  be  immediately  looked  at.  It  is  iitipor- 
an  tliat  the  slice  of  the  seed  should  be  very  thin,  for  two  reasons; 
•“s  ) that  the  view  of  the  spires  may  not  be  confused  by  their 


1 If 


S' 


Spiral  iibivs  uf  Si-ed-coat  of  CoUomia. 
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ao'freo'atioH  in  too  j^reat  numbers ; and  second,  that  tlio  droi? 

1 T + 


of 


V/V/W  , --  X ^ •X  lt* 

Avater  slionld  be  held  in  its  place  by  capillary  attraction,  insteau  or 
running  down  and  leaving  the  object,  as  it  will  do  if  the  glasses  be 
too  AAodely  separated. 

358.  In  some  part  or  other  of  most  Plants,  we  meet  Avith  cells 
containing  grannies  of  dcorcli,  which  specially  abound  in  the  tubers 
of  the  Potato,  and  in  the  seeds  of  Cereals  and  Legumes,  btaren 
u-rains  are  originally  formed  in  the  interior  of  Chlorophyll-cor- 
puscles ; but  as  they  increase  in  size,  the  chlorophyll  thins  itself 
out  as  a mere  covering  film,  and  at  last  disappears  altogether.  . o 
lono-  as  the  starch-grains  remain  embedded  in  the  protoplasm-layer, 
they  continue  to  grow ; but  when  they  accumulate  so  as  to  occupy 
the  ceU-cavity,  their  growth  stops.  They  ai;e  sometimes  nnnute 
and  very  numerous,  and  so  closely  packed  as  to  fill  the  cell-cavity 
(Fig  246) ; in  other  instances  they  are  of  much  larger  dimensions, 
so  that  only  a sniaU  number  of  them  can  be  included  in  any  one 
cel]  ; while  in  other  cases,  again,  they  are  both  few  and  minute,  s(j 


Fig.  24(). 


Fig.  247. 


(Jells  of  P<,on,j,  lined  with  Starch. 


that  they  form  Imt  a small  proportioa  of  tho  cell-contots.  1 m.  ^ 
nature  is  at  once  detected  by  the  addition  of  a solution  ot  lodi  i . | 
which  gives  them  a beautiful  blue  colour.  Each  f W , | 
magnified,  exhibits  a peculiar  spot,  tei-med  the  liihim;  loimd  iAhu  l 
are  seen  a set  of  circular  lines,  that  are  f(^  the  nios  pai  | 

(or  nearly  so)  with  it.  When  vieived  by  Polarized  light 
exhibits  a dark  cross,  the  point  of  intersection  lieing  at  the  hilmm|»L 
(Fig.  247) ; and  Avhen  a Selenite-plate  is  interposed,  the  cross 
bea^itifull}  coloured.  Opinions  have 

regarding  the  internal  stencti™ 


layci%wiii^  most  solid,  having  within  it  a watery  layer 

schaft%’M'sG^2Td^SH3^ 

latioii).  PI'.  y6-()2. 


STAPX’Jl-urtAINS  : — llAPHIDES. 
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this,  again,  being  succeeded  by  a firm  layer,  which  is  followed  by  a 
watery  layer ; and  so  on, — the  proportion  of  water  increasing* 
towards  the  centre  in  both  kinds  of  layers,  and  attaining  its 
juaximiini  in  the  innermost  part  of  the  grain  where  the  formation 
of  new  layers  takes  place,  causing  the  distension  of  the  older  ones. 
— Although  the  dimensions  of  the  Starch-grains  produced  by  any 
one  species  of  plant  are  by  no  means  constant,  yet  there  is  a certain 
average  for  each;  from  which  none  of  them  depart  very  widely ; 
and  by  refei’ence  to  tliis  average,  the  starch-grains  of  different 
])lauts  that  yield  this  pi’oduct  in  abundance  may  be  microscopically 
distinguished  from  one  another,  a circumstance  of  considerable 
importance  in  commerce.  The  lai'gest  starch-grains  in  common 
use  are  those  of  the  plant  (a  species  of  Ganna)  "known  as  Tons  Us 
mois;  the  average  diameter  of  those  of  the  Potato  is  about  the 
same  as  the  diameter  of  the  smallest  of  the  Tons  les  raois  ; and  the 
size  of  the  ordinary  starch-grains  of  Wheat  and  of  Sago  is  about 
the  same  as  tha,t  of  the  smallest  grains  of  Potato-starch ; whilst 
the  granules  of  iiice-starch  are  so  very  minute  as  to  be  at  once 
distinguishable  from  any  of  the  preceding. 

•359.  Deposits  of  Mineral  matter  in  a crystalline  condition,  known 
as  iwpliidiis,  are  not  unfrequently  found  in  vegetable  cells  ; where 
they . are  at  once  brought  into  view  by  the  use  of  Polarized  light. 
Iheu  designation  (derived  from  pa(fns,  a needle)  is  very  appro- 
pnate  to  one  of  the  most  common  states  in  which  these  bodies 
present  themselves,  that,  namely,  of  bundles  of  needle-like  crystals, 
lying  side-by-side  in  the  cavity  of  the  cells  ; such  bundles  are  well 
seen  in  the  cells  lying  immediately  beneath  the  cuticle  of  the  bulb 
or  the  niedicinal  bcpiill.  It  does  not  apply,  however,  to  other 
lorms  which  are  scarcely  less  abundant ; thus,  instead  of  bundles  of 
minute  needles,  single  large  crystals,  octohedral  or  jirismatic,  arc 
trequently  met  with  ; and  the  prismatic  crystals  are  often  aggre- 
gated in  beautiful  stellate  groups.  One  of  the  most  common 
matenals  of  raphides  is  Oxalate  of  Lime,  which  is  generally  fouml 
in  the  stellate  form ; and  no  plant  yields  these  stellate  raphides  so 
a uudantly  as  the  common  Rlmharh,  the  best  specimens  of  the  dry 
medicinal  root  containing  as  much  as  35  per  cent,  of  them.  lu 
e cuticle  of  the  bulb  of  the  Onion  the  same  material  occurs 
under  the  octohedral  or  the  indsmatic  form.  In  other  instauces, 
^ne  Calcareous  base  is  combined  with  Tartaric,  Citric,  or  Malic 
the  acicular  raphides  are  said  to  consist  usuallv  of 
nosphate  of  Lime.  fSomo  llaphides  are  as  long  as  l-40th  of  an 
men,  while  others  measure  no  more  than  1-lOOth.  They  occur  in 

Wood,  Ibth,  Bark,  Boot,  Leaves,  Stipules, 
pa  s,  etals.  Fruit,  and  even  in  the  Pollen.  They  arc  always 
m cells,  and  not,  as  some  have  stated,  in  intercellular 
L 1 often  so  much  thinned 

scarcely  distinguisliable.  Certain  plants  of  the 
when  aged,  have  their  tissues  so  loaded  with  raphides 
mcome  quite  brittle  ; so  that  when  some  large  specinioiis  of 
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(J.  ncnUis,  said  to  he  a thousand  years  old,  were  sent  to  Kew 
Gardens  from  South  America,  some  years  since,  it  was  found 
necessary  for  their  preservation  during  transport  to  pack  them  in 
cotton,  like  jewellery.  Raphides  are  probably  to  be  considered  a.s 
uou-essential  results  of  the  Vegetative  processes ; being  for  the 
most  part  produced  by  the  union  of  organic  acids  generated  in  the 
plant,  with  mineral  bases  imbibed  by  it  from  the  soil,  d he  late 
Mr.  E.  Quekett  succeeded  in  artificially  producing  raphides  rnthm 
the  cells  of  Rice-paper  (§  351),  by  first  filling  these  -^th  Lime- 
Avater  by  means  of  the  air-pump,  and  then  2dacing  the  paper  in 
weak  solutions  of  Phosphoric  and  Oxalic  acids.  d he  artificial 

raidiides  of  Phosphate  of  Lime  were  rhombohedral ; while  those 
of  Oxalate  of  Lime  were  stellate,  exactly  resembling  the  natural 

raphides  of  the  Rhubarb.*  pi-  p .i, 

))60.  A large  proportion  of  the  denser  jiarts  of  the  tabne  oi  the 
higher  Plants  is  made-up  of  the  substance  which  is  known  as 
lifm  eons  tissue  or  ^voochj  fibre.  This,  however,  can  only  be  regarded 
as  a very  simple  variety  of  cellular  tissue ; for  it  is  composed  ot 
peculiarly-elongated  cells  (Fig.  259),  usuaUy  pointed  at  their  two 
extremities  so  as  to  become  spindle-shape^d,  whose  walls  have  a 
sr.ecial  tendenev  to  undergo  consolidation  by  the  internal  deposit 
of  sclerogen.  It  is  obvious  that  a tissue  consisting  of  el^gated 
cells,  adherent  together  by  their  entire  length,  and  strengthened 
by  internal  deposit,  mnst  possess  much  greater  tenacity  than  ani 
tissue  in  which  the  cells  depart  but  little  from  the  primitive  sphe- 
rical form ; and  we  accordingly  find  Woody  fibre  present  wherevei 
it  is  requisite  that  the  fabric  should  possess  not  merely  densit}  . 
but  the  power  of  resistance  to  tension.  In  the 
the  Vegetable  Kingdom  it  constitutes  the  chief  part  of  the  stem 
•md  branches,  where  these  have  a fimi  and  durable  character,  and 
even  in  more  temporary  structures,  such  as  the  herbaceous  steins 
of  annual  Plants,  and  the  leaves  and  flowers  of  almost  eveiy  tnl<^- 
thi?  tissue  forms  a more  or  less  important  constituent,  beinjj 
••snecially  found  in  the  neighbourhood  of  the  spiral  vessels  am 
ducts,  to^  wliich  it  afibrds  protection  and  support.  Hence  t i 
biiudies  of  fasciculi  composed  of  these  elements,  which  form  _ 
•veins’  of  leaves,  and  which  give  ‘stimgiuess  to  various  esmilen 
veo-etable  substances,  are  commonly  known  under  the 

Hhro-vascular  tissue.  In  their  young  tin- 

licrneous  cells  seem  to  conduct  fluids  with  gieat  facdit} 

° The  materials  of  the  above  pavagrapb  are 


,robably  of  otlicr  Dumsj;  Uie  ouiiv 

ard  i^;ai.y  otber  tr^;  Na.m. 

iSiSi  iu  “ Nat.  Hist,, te.H  -<7. 


WOODY  FIBRE, S SPIRAL  VESSELS. 
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Fig.  2-1.^!. 


ilireetiou  ol  tlieir  leug-th  ; aud  in  the  Gonlferom  tribe,  whose  stems 
and  brandies  are  destitute  of  ducts,  they  alFord  the  sole  channel 
lor  the  ascent  of  the  sap.  But  after  their  walls  have  become 
thickened  by  internal  deposit,  they  are  no  longer  subservient  to 
this  function  : nor,  indeed,  do  they  then  appear  to  fulfil  any  other 
purpose  in  the  Vegetable  economy  than  that  of  affording  mechani- 
cal snpjiort.  It  is  this  which  constitutes  the  difference  between 
the  alburnum  or  .‘sap-wood,’  and  the  damnien  or  ‘heartwood,’ of 
E.TOgenous  stems  (§  369). 

3bl.  A iDeculiar  set  of  markings  seen  on  the  Woody  fibres  of  the 
Conifene,  and  of  some  other  tribes,  is  represented  in  Fig.  248  ; 
each  of  these  spots  the  inner  circle  ap- 
pears to  mark  a deficiency  of  the  lining 
deposit,  as  in  the  pitted  cells  of  other 
2'lants:  whilst  the  m'/er  circle  indicates 
the  boundary  of  a lenticular  cavity 
which  intervenes  between  the  adjacent 
cells  at  this  point,  '.fhere  are  varieties 
in  this  arrangement  so  characteristic 
<if  different  tribes,  that  it  is  sometimes 
])ossible  to  determine,  by  the  micro- 
.^copic  inspection  of  a minute  fragment, 
even  of  a Fossil  wood,  the  tribe  to 
which  it  belonged.  The  woody  fibre 
thus  marked  is  often  designated  as 
•jlandular. 

332.  All  the  more  perfect  forms  of 
Phanerogamia  contain,  in  some  jiart 
of  their  fabric,  the  iieculiar  stractures 
which  are  known  as  yfpimi  vessels* 

'I’hese  have  the  elongated  .shape  of 
wo^y  fibres ; Imt  the  internal  deposit, 
as  in  the  spiral  cells  (§  357),  takes  the 
lorni  of  a spiral  fibi'c  winding  from 
cud  to  end,  remaining  distinct  from 
the  cell-wall,  aud  retaining  its  elas- 
ticity ; this  fibre  may  be  single, 

double,  or  oven  rpiadruple, — this  last  character  presenting  itself 
m the  very  large  elongated  fibre-cells  of  the  Nepenthes  (Ohinesi* 
Pitcher- plant).  .Such  cells  are  especially  found  in  the  delicate 
membrane  (metlullary  sheath)  surrounding  the  pith  of  Exogens. 


Scctiouof  Coniferous  JFoodiu 
the  direction  of  the  Fibres, 
showing  their  ‘glandular’ 
dots  : — a a a,  Medulhuy  Kays 
crossing  the  libres. 


atid^  in  the  miilst  of  the  woody  bundles  occuri’ing  in  the  stem 
of  Endogens ; thence  they  j)roceed  in  each  case  to  the  leaf-stalks, 
through  which  they  are  distributed  to  the  leaves.  By  careful 
dissection  under  the  Microscojoe,  they  may  be  separated  entire : 


So  long,  however,  .as  they  retain  their  original  cellular  character,  and  d<> 
not  coalesci!  with  eaeli  other,  tlu^se  fusiform  spiral  colls  cannot  bo  regardo<l  as 
laving  any  more  elaim  to  tlio  designation  of  msefs,  tlian  have  the  elongated 
‘-•'-’Ms  of  the  ligneous  tissue 
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Lut  tlieir  structure  may  be  more  easily  displayed  by  cuttinff  round, 
but  not  through,  the  leaf-stalk  of  the  Strawberr}%  Geranium,  &c., 
and  then  drawing  the  parts  asunder.  The  membrane  composing 
the  tubes  of  the  vessels  will  thus  be  broken  across ; but  the. 
fibres  within,  being  elastic,  will  be  drawn-out  and  unrolled.  Spiral 
vessels  are  sometimes  found  to  convey  liquid,  whilst  in  other  cases 
they  contain  air  only  ; the  conditions  of  this  difference  are  not  yet 
certainly  known. 

363.  Although  fluid  generally  finds  its  way  with  tolerable  facility 
through  the  various  forms  of  cellular  tissue,  especially  in  the 
direction  of  the  greatest  length  of  their  cells,  a more  direct  means 
of  connection  between  distant  parts  is  required  for  its  active  trans- 
mission. This  is  afforded  by  duds,  which  consist  merely  of  cells 
laid  end-to-end,  the  partitions  between  them  being  more  or  less 
obliterated.  The  origin  of  these  Ducts  in  cells  is  occasionally  very 
evident,  both  in  the  contraction  of  their  calibre  at  regular  intervals, 
and  in  the  persistence  of  remains  of  their  partitions  (Fig.  263, 1>,  h) ; 
but  in  most  cases  it  can  only  be  ascertained  by  studying  the  history 
of  their  development,  neither  of  these  indications  being  traceable. 
TTie  component  cells  appear  to  have  been  sometimes  simply  mem- 
branous, but  more  commonly  to  have  been  of  the  ^ fibrous  typo 
(§  357).  Some  of  the  ducts  formed  from  the  latter  (Fig-  249,  2)  are  , 
.so  like  continuous  spiral  vessels  as  to  be  scarcely  distinguishable  i 
from  them,  save  in  the  want  of  elasticity  in  their  spiral  fibre,  which 
causes  it  to  break  when  the  attempt  is  made  to  draw  it  out.  Tliis 
riqiture  Avould  seem  to  have  taken  place,  in  some  instances,  from 
the  natural  • elongation  of  the  cells  by  growth ; the  fibre  being 
broken-up  into  rings,  which  lie  sometimes  close  together,  but  more 
commonly  at  considerable  intervals ; such  a duct  is  said  to  be 
annular  (Fig.  249,  i).  Intermediate  forms  betiveen  the  spiral  and 
annular  ducts,  which  show  the  derivation  of  the  latter  from  the 
former,  are  very  frequently  to  be  met-with.  T’he  spires  are  some- 
times broken-up  still  more  completely,  and  the  fragments  of  the 
fibre  extend  in  Amrious  directions,  so  as  to  meet  and  form  an 
irregular  network  lining  the  duct,  whicli  is  then  said  to  be  rehcu- 
lated.  The  continuance  of  the  deposit,  however,  graduall}"  contracts 
the  meshes,  leaving  the  walls  of  the  duct  marked  only  by  pores  like 
those  of  porous  cells  (§  356) ; and  such  canals,  designated  as  pitfc< 
ducts,  are  especially  met  with  in  parts  of  most  sohd  structure^  am 
least  rapid  groAvth  (Fig.  249,  3).  The  ‘ scalai'iform  ducts  of  I eras 
(§  340)  are  for  the  most  part  of  the  spiral  type ; but  spiral  duct> 
arc  frequently  to  be  met  Avith  also  in  the  rapidly  groAVing  leat- 
stalks  of  FloAvering-plants,  such  as  the  Ehubarb.  Not  uufrcqnenth . 
however,  we  find  all  forms  of  ducts  in  the  same  bundle,  as  seen  m 
Fm.  219.  The  size  of  these  ducts  is  occasionally  so  great  as  to 
enable  their  openings  to  be  distinguished  by  the.  unaided  eye : 
are  usually  largest  in  stems  Avhose  size  is  .small  in  proportion  to  tin- 
.surface  of  leaves  Avhich  they  support,  such  as  the  common  C ane.  01  : 
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the  Vine;  and,  generally  speaking,  they  are  larger  in  woods  of 
dense  texture,  snch.  as  Oak  or  Mahogany,  than  in  those  o£  which 
the  libres,  remaining  nnconsolidated,  can  serve  for  the  conveyance 
»)f  llnid.  They  are  entirely  absent  in  the  Goniferai. 


r.ougitufliual  section  of  stem  oi  Italian  Heed: — a,  Cells  of  the 
I’ith  ; (i,  Pi bro- vascular  bundle,  containing  1,  Annular  duct ; 

2,  Spiral  duct;  .‘I,  Pitted  duct,  with  Woody  fibre;  c.  Cells  of 
the  integument. 

•’>  J4.  The  Vegetable  tissues  whose  principal  forms  have  been  now 
described,  but  among  which  an  immense  variety  of  detail  is  found, 
laay  be  either  studied  as  they  present  themselves  in  thin  sediunn 
of  the  varioirs  parts  of  the  plant  under  examination,  or  in  tin* 
isolated  conditions  in  which  they  are  obtained  by  dissedion. — The 
lormer  process  is  the  most  easy,  and  yields  a large  amount  of  in- 
■ ormation;  but  still  it  cannot  be  considered  that  the  characters  of 
liny  tissue  have  been  properly  determined,  until  it  has  been  dis- 
sccted-out.  Sections  of  some  of  the  hardest  Yegetablo  substances, 
such  as  ‘ vegetable  ivory,’  the  ‘ stones’  of  fruit,  the  ‘ shell'  of  the 
ocoa-nut,  Ac.  (§  dob),  can  scarcely  be  obtained  except  by  slicing 
and  grinding  (§  192) ; and  these  may  be  mounted  either  in  Canada 
lalsam  or  in  Clycerine  jelly.  In  cases,  however,  in  which  the 
tissues  arc  of  only  moderate  firmness,  the  section  may  be  most 
leiulil}'  and  effectually  made  with  the  ‘Microtome'  (§18i);  and 
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there  arc  few  parts  of  the  Vegetable  fabric  which  may  not  lie 
advantageously  examined  by  this  means,  any  very  soft  or  tbin 
portions  being  placed  in  it  between  two  pieces  of  cork,  elder-pith, 
or  carrot.  In  certain  cases,  however,  in  which  even  this  com- 
pression would  be  injurious,  the  sections  must  be  made  with  a 
sharp  knife,  the  substance  being  laid  on  the  nail  or  a slip  of  glass. - 
In  dissecting  the  Vegetable  Tissues,  scarcely  any  other  instrument 
will  be  found  really  necessary,  than  a pair  of  needles  (in  handles), 
one  of  them  ground  to  a cutting  edge.  The  adhesion  between  the 
e.omponent  cells,  fibres,  &c.,  is  often  sufficiently  weakened  by  a few 
hours’  maceration  to  allow  of  their  readily  coming  apart,  when  they 
are  torn-asunder  by  the  needle-points  beneath  the  simple  lens  ol 
a Dissecting-microscope.  But  if  this  should  not  prove  to  be  the  case, 
it  is  desirable  to  employ  some  other  method  for  the  sake  of  facili- 
tating their  isolation.  INone  is  so  effectual  as  the  boiling  of  a thin 
slice  of  the  substance  under  examination,  either  in  dilute  nitric  acid, 
or  in  a mixture  of  nitric  acid  and  chlorate  of  potass.  This  last 
method  (winch  was  devised  by  Schultz)  is  the  most  rapid  and 
effectual,  requiring  only  a few  minutes  for  its  performance  ; but  as 
oxygen  is  liberated  with  such  freedom  as  to  give  an  almost  explo- 
sive character  to  the  mixture,  it  should  be  put  in  practice  wfith 
extreme  caution.  After  being  thus  treated,  the  tissue  should  be 
boiled  in  alcohol,  and  then  in  water ; and  it  will  then  be  found 
very  easy  to  tear-apart  the  individual  cells,  ducts,  &c..  of  which  it 
may  be  composed.  These  may  be  preserved  by  mounting  in  weak 
spirit. 

365.  Stem  and  Boot.— It  is  in  the  stems  and  roots  that  we  hud 
the  greatest  variety  of  tissues  in  combination,  and  the  most  regular 
plans  of  structure ; and  sections  of  these  \fiewed  under  a low  mag- 
nifying power  are  objects  of  peculiar  beauty,  independent!}’'  of  thi' 
scientific  information  which  they  afford.  The  Axis  (under  whi<.'h 
term  is  included  the  stem  with  its  branches,  and  the  root  with  its 
ramifications)  always  has  for  the  basis  of  its  structure^  a dense 
cellular  parenchyma ; though  this,  in  the  advanced  stage  of  dcveloj*- 
ment,  may  constitute  but  a small  portion  of  it.  In  the  midst  oi 
the  parenchyma  we  generally  find  ‘ fibro-vascular  bundles,  consist- 
ing of  woody  fibre,  with  ducts  of  various  kinds,  and  (very  com- 
monly) spiral  vessels.  It  is  in  the  mode  of  arrangement  of  those 
bundles,  that  the  fundamental  difference  exists  between  the  stems 
which  are  commonly  designated  as  endogenous  (growing  irom 
within),  and  those  which  are  more  correctly  termed  o.rogc)iou=< 
(growing  on  the  outside) : for  in  the  former  the  liundlcs  ai* 
dispersed  thoughout  the  whole  diameter  of  the  axis  without  ani 
peculiar  plan,  the  inteiwals  between  them  being  filled-np  bv 
cellular  parenchyma;  whilst  in  the  latter  they  are  arrange* I 
side  by  side  in  such  a manner  as  to  form  a hollow  cylinder  of  icoou. 
which  includes  within  it  the  porfiou  of  the  cellular  substance  known 
as  pith,  whilst  it  is  itself  enclosed  in  an  envelope  of  the  same  snh- 
stance  tliat  forms  the  These  two  plans  of  Axis-lorinalmn 
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respectively  cliaracteristic  of  those  two  great  groups  iuto  which 
I’hanerogams  are  subdivided — namely,  the  MonocoUjlcdons  and  the 
Dir.ot]jledons — will  now  be  more  particularly  described. 

366.  When  a transverse  section  (Fig.  250)  of  a woyiocotyloclononx 
Stem  is  examined  microsco]hcally,  it  is  found  to  exhibit  a number 
of  libro-vascular  bundles,  disposed  without  any  regularity  in  tin* 
midst  of  the  mass  of  cellular  tissue,  which  forms  (as  it  were)  the 
matrix  or  basis  of  the  fabric.  Each  bundle  contains  two,  three,  or 
more  large  diicts,  which  arc  at  once  distinguished  by  the  size;  ol' 
their  openings  ; and  these  are  surrounded  by  w'oody  fibre  and  spiral 
vessels,  the  transverse  diameter  of  wliichis  so  extremely  small,  tlial 


Fig.  250. 


Transverse  Section  of  Stem  of  j'onng  ralm. 


the  portion  of  the  bundles  which  they  form  is  at  once  distinguished 
in  tran.sverse  section  by  the  closeness  of  its  te.xture  (Fig.  251).  '.I'lu- 
bundles  are  least  numerous  in  the  centre  of  the  stem,  and  become 
gradually  mort;  approximated  towards  its  circumference ; bxit  it 
Irequeutly  happens  that  the  portion  of  the  area  in  which  they  are 
most  compactly  arranged  is  not  absolutely  at  its  exterior,  this 
portion  being  itself  surrounded  by  an  investment  composed  of 
cellular  tissue  only;  and  sometimes  we  find  the  central  poidion. 

completely  destitute  of  hbro-vascular  bundles;  so  that  a sort 
of  indication  of  tlie  distinction  between  Fith,  Wood,  and  Bark  is 
here  presented.  'I'his  distinction,  however,  is  very  imperfect;  for 
've  do  not  bud  either  the  e,cntral  or  the  peripheral  portions  evei’ 
separnble.  likf>  pith  and  bark,  from  the  intermediate  woody  layer. 
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Fig.  251. 


Ill  its  young  state,  the  centre  of  the  stem  is  always  filled-up  with 
cc'lls  ; but  these  not  unfrequently  disappear  after  a time,  except  at 

the  nodes,  leaving  the  stem  hollow, 
as  we  see  iu  the  whole  tribe  of 
Grasses.  When  a vertical  section 
is  made  of  a woody  stem  (as  that 
of  a Palm)  of  sufficient  length  to 
trace  the  whole  extent  of  the 
fibro-vascular  bundles,  it  is  found 
that  whilst  they  pass  at  their 
upper  extremity  into  the  leaves, 
they  pass  at  the  lower  end  towards 
the  surface  of  the  stem,  and  assist, 
by  their  interlacement  with  the 
outer  bundles,  in  fonning  that  ex- 
tremely tough  investment  which 
the  lower  ends  of  these  stems  pre- 
sent. New  fibro-vasculaT  bundles 
are  being  continually  formed  in 
the  upper  part  of  the  stem,  in  con- 
tinuity with  the  leaves  which 
are  successively  put  forth  at  its 
summit ; but  wliile  these  take  part 
in  the  elongation  of  the  stem, 
they  contribute  but  little  to  the 
increase  of  its  diameter,  lor 
those  which  are  most  recently  formed  only  pass  into  the  centre  of 
the  stem  during  the  higher  part  of  their  course,  and  usually  make 
their  way  again  to  its  exterior  at  no  great  distance  below ; 
when  once  formed,  they  receive  no  further  additions.  It  was  from 
the  idea  formerly  entertained  that  these  successively-formed 
bundles  descend  in  the  interior  of  the  stem  through  its  entire  length 
until  they  reach  the  roots,  and  that  the  stem  is  thus  continually 
receiving  additions  to  its  interior,  that  the  term  cmlo(ienout<  was 
o-iven  to  this  type  of  stem- structure  ; but  from  the  lact  just  statccl 
regarding  the  course  of  the  fibro-vascular  bundles,  it  is  obvious 
that  such  a doctrine  cannot  be  any  longer  admitted. 

;J67.  In  the  Stems  of  dicotyledonous  Phanerogams,  on  the 
hand,  we  find  a method  of  arrangement  of  the  several  parts,  whicli 
must  be  regarded  as  the  highest  form  of  the  deyelopment  ot  tlic 
axis,  being  that  in  which  the  greatest  difcrcutlaiioii  exists. 
distinct  division  is  always  seen  in  a transverse  section  (lig. 
between  three  concentric  areas,— the  inth,  the  irood,  and  the  harh  . 
the  first  («)  being  central,  the  last  {h)  peripheral,  and  these  having 
the  wood  interposed  between  them,  its  circle  being  made  nn  o 
wedge-shaped  bundles  (d,  d),  kept  apart  by  the  bands 
viass  between  the  pith  and  the  bark.  The  pith  (I  ig. . 
iilniost  invariably  composed  of  cellular  tissue  only,  which  > 

iiresents  (in  transverse  section)  a hexagonal  areolation. 


Portion  of  Transverse  Section  of 
Stem  of  Wcuighie  Cane. 
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newly  lormecl  it  lias  a greenisli  liue,  and  its  cells  are  filled  with 
Iluid ; hut  it  gradually  dries-up  and  loses  its  colour  ; and  not  nn- 
Frecpiently  its  component  cells  are 
torn  apart  by  the  rapid  growth  of 
their  envelope,  so  that  irregular  cavi- 
ties are  found  in  it ; or,  if  the  stem 
should  increase  ivith  extreme  rapi- 
dity, it  becomes  hollow,  the  pith 
being  reduced  to  fragments,  which 
arc  found  adhering  to  its  interior 
wall.  The  pith  is  immediately  sur- 
rounded by  a delicate  membrane 
consisting  ahnost  entirely  of  spiral 
vessels,  which  is  termed  the  medul- 
1(1  I’ll  sheath. 

068.  The  ii.'oody  portion  of  the 
stem  (Fig.  250,  h,  h),  is  made  up  of 
woody  fibres,  usually  with  the  addi- 
tion of  ducts  of  various  kinds  ; these, 
however,  are  absent  in  one  large 
grouj').  the  Conlfene  or  Fir  tribe 
with  its  allies  (Figs.  258-260),  in 
which  the  woodj"-  fibres  are  of  un- 
usually large  diameter,  and  have  the  peculiar  markings  already 
descrlljcd  (§  361).  In  any  stem  or  branch  of  more  than  one  year’s 
growth,  the  woody  structure  presents  a more  or  less  distinct 


Fig.  253. 


'1  Guisver.so  Section  of  Stem  of  ((hmalisr. — a.  iiitli,  5,5,  5,  woody  bundles; 

c,  c,  c,  medullary  rays. 


Fig.  252. 


Diagram  of  tbe  fii’st  formation 
of  an  Exogenou.s  Stem ; — a,  Pitb  ; 
5 5,  Bark ; c c,  plates  of  cellular 
tissue  (Medullar  Bays)  left  be- 
tween the  Woody  Bundles  d d. 


iippearance  of  division  into  concentric  rings,  the  number  of 
which  varies  with  the  age  of  the  tree  (Fig.  254).  The  com]positiou 
ol  the  several  rings,  which  are  the  sections  of  so  many  cylindrical 
layers,  Is  uniforndy  the  same,  however  different  their  tliickucss  ; 
hut  the  arrangement  of  the  two  principal  elements — namely,  the 
woody  fibre  and  the  ducts — varies  in  different  species  : the  ducts 
heing  Homotimos  almost  uniformly  diffused  through  the  whole 


Tm\svorso  Socii.iu  ot  Stom  of 
iikttmHiDf  (^i‘.aoktlun-«\  showing 
v'oiKViiti'K'  lavors  of  \\\K)d. 


I’ortioJt  of  iho  samo,  uioo* 
hisrhlv  inagnitiod. 


lowaixls  tlio  iuuev  sulo  of  the  ring  (which  is  the  part  ot  it  hrst 
fovnuHlh  aud  that  the  outer  portion  of  each  layer  is  almost  exclu- 
sively coiuixistHl  of  woodv  tissue  : such  au  an-augement  is  shown  m 
Fisr.  '2od.  This  altoriuitiou  of  ducts  aud  woody  tibre  fmpieutly 
serves  to  mark  tlie  successiou  of  layers,  wheu.  as  it  is  not  uucom- 
mou.  theiv  is  uo  very  distinct  line  of  sepanition  between  them. 

;Uhh  The  number  of  layers  is  usually  cousidei-ed  to  corresooud 
with  that  of  the  »/«  aiV  during  which  the  stem  or  branch  has  been 
irrowiusr ; aud  this  is.  uo  doubt,  genendly  true  in  reganl  to  the  trec^ 
of  tem^'i-ate  climates,  which  thus  onlinarily  increase  by  * uunual 
la  vers.’  There  can  be  no  doubt,  however,  that  siudi  is  not  lac 
universal  rule ; and  that  we  should  be  moiv  correct  in  stating  that 
each  layer  indicates  au  vjUM-h  of  reijdaiion  ; which,  in  temivr.it e 
climates,  is  iisuallv  (but  not  invariably)  a year,  but  which  is  com- 
moulv  much  less  in  the  case  of  tnvs  tlourishing  in  tropical  ivgion-- 
Thus' among  the  latter  itds  very  comnun  to  tind  the  leaves  n'g»t- 
larlv  shell  and  replaceil  firuv  or  even  thnee  in  a year,  or  n'e-  timc^ 
in  two  years ; aud  for  every  crop  of  leaves  there  will  be  a com'- 
simudin'g  layer  of  wockI.  It  sometimes  hapiviis.  even  in  tem- 
ivrate  climates,  that  tnvs  sIuhI  their  leaves  prematundy  in 
ouence  of  contiuiieil  drought,  and  that,  it  nun  thou  follow,  .1  tiv  ‘ 
crop  of  leaves  apivars  in  the  same  sea.sou  ; and  it  cannot  1 v 
tlmt  in  such  a.vtiir  there  would  tv  Uco  rings  of  woml  prodiiccih 


laver,  but  in  other  instances  being  contined  to  its  inner  part : while 
in  other  cases,  again,  they  are  dispersed  with  a certain  icgnl.ir 
irn'gnlaritv  (if  such  an  expivssioii  may  be  allowiM.lh  so  as  to  gne  a 
curiouslv-tigimHl  appearance  to  the  transverse  section  (bigs.  _al, 
•2.V>).  TMle'^^'neral  fact,  however,  is.  that  the  ducts  predominate 

Km.  U.V.. 
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’Nvliicli  woxxUl  probably  not  together  exceed  tlie  ordinary  slnrjle  layer 
in  tliicbness.  That  snch  a division  may  even  ocenr  as  a conse- 
.pxence  of  an  interruption  to  the  processes  of  vegetation  produced 
by  seasonal  changes, — as  by  heat  and  drought  in  a tree  that  flou- 
rishes best  in  a cold  damp  atmosphere,  or  by  a fall  of  temperature 
in  a tree  that  requires  heat, — would  appear  from  the  frequency 
with  which  a double  or  even  a midtijjlc  succession  of  rings  is  found 
in  transverse  seetions  of  wood  to  occupy  the  place  of  a sinr/le  one. 
'I'hus  in  a section  of  Hazel  stem  (in  the  Author's  possession),  of 
which  a poidion  is  represented  in  Fig.  250.  between  two  layers  of 


Fig. 


a h c 


I’ortiou  of  Transverse  Seetiou  of  Stem  of  J/(r:e/,  sliowiug,  iu  the  portion 
a,  b,  c,  six  narrow  layers  of  W ood. 

the  ordinaiy  thickness  there  intervenes  a band  whose  breadth  is 
altogether  less  than  that  of  either  of  them,  and  which  is  yet  com- 
posed of  no  fewer  than  six  layers,  four  of  them  (c)  being  very 
naiTow,  and  each  of  the  other  two  {a,  h)  being  about  as  wide  as 
these  four  together.— The  inner  layers  of  wood,  lieing  not  only  the 
oldest,  but  the  most  solidified  by  matters  deposited  within  their 
rompouont  cells  and  vessels,  ai’c  spoken  of  collectively  under  the 
designation  duramen  or  ‘ heart- wood.’  On  the  other  hand,  it  is 
through  the  cells  and  ducts  of  the  outer  and  newer  layers  that  the 
.'-ap  rises  from  the  roots  towards  the  leaves  ; and  these  are  conse- 
quently designated  as  alburnum  or  ‘ sap-wood.’  _ The  line  of  demar- 
eatiou  between  the  two  is  sometimes  very  distinct,  as  in  Lignum- 
vitio  and  Cocos  wood ; and  as  a new  layer  is  added  every  year  to 
the  exterior  of  the  albumum,  an  additional  layer  of  the  innermost 
part  of  the  alburnum  is  every  year  consolidated  by  internal  de- 
po.sit,  and  is  thus  added  to  the  exterior  of  the  duramen.  Moi*e 
generally,  however,  this  consolidation  is  gradually  effected,  and 
the  alburnum  and  duramen  are  not  separated  by  any  abrupt  lino 
of  division. 

570.  The  medullary  rays  which  cross  the  successive  ring.s  of 
wood  connecting  the  cellular  substance  of  the  pith  with  that  of  tlu; 
bark,  and  dividing  each  ring  of  wood  into  wedge-shaped  segments, 
:ire  thin  plates  of  cellular  tissue  (Fig.  253,  e,  c),  not  usually  ex- 
tending to  any  great  depth  in  the  vertical  direction.  It  is  not 
olten,  however,  that  their  character  can  bo  so  clearly  seen  iu  a 
transverse  section  as  in  the  diagram  just  referred  to  ; for  they  are 
iHiially  compressed  so  closely  as  to  appear  darker  than  the  wedges 
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of  woody  tissue  between  wbicli  they  intervene  (Figs.  255,  257) : and 
tlicir  real  nature  is  best  understood  by  acomparison  of 


Fig.  257. 


Portion  of  Transverse  Section  of  the  Stem  of  Cedar-— a,  pitli, 

5,  6,  5,  woody  layers ; r,  bark. 

sections  made  in  two  different  directions, — namely  radial  and 
tangential, —v^ith.  the  transverse.  Three  such  sections  of  a fossil 
Coniferous  wood  in  the  Author’s  possession  are  shown  in  Figs. 
258-260.  The  stem  was  of  such  large  size,  that,  in  so_  small  a part 

of  the  area  of  its  transversi- 
Fig.  258.  section  as  is  represented  in 

Fig.  258,  the  medullary 
rays  seem  to  run  parallel 
to  each  other,  instead  of 
radiating  from  a common 
centre.  They  are  very 
narrow ; but  are  so  closely 
set  together,  that  only  two 
or  three  rows  of  woody 
fibres  (no  ducts  being  here 
present)  intervene  be- 
tween any  pair  of  tlieni. 
In  the  longitudinal  section 
taken  in  a radial  direction 
(Fig. 259), and  consequently 
passing  in  the  same  course 
with  the  medullary  rays, 
these  are  seen  as  thin  plates 
(a,  a,  a.)  made-up  of  super- 
posed cells  very  much  elongated,  and  crossing  in  a horizontiil 
direction  the  woody  fibres  which  He  parallel  to  one  another  vertically. 
And  in  the  tangential  section  (Fig.  260),  which  passes  a tlircction 
at  right  angles  to  that  of  the  medullary  rays,  and  therefore  cuts 
them  across,  wo  see  that  each  of  the  plates  thus  formed  bas  a very 


Portion  of  Trausvev.so  Sect  ion  of  large  Stem 
of  Coniferous  Wood  (fossil),  showing  part  of 
two  annual  layers,  divided  at  a,  a,  and  tra- 
versed by  very  thin  hut  numerous  Medullary 
Bays. 
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Portion  of  Vertical  Section  of  the  same 
wood,  taken  in  a radial  direction,  show- 
ing the  glandular  Woody  fibres,  withont 
Ducts,  crossed  by  the  Medullary  Pays,  a,  a. 


_ Portion  of  Vertical  Sec- 
tion of  the  same  wood, 
taken  in  a tangential  di- 
rection, so  as  to  cut  across 
the  Medullary  Hays. 


limited  depth  from  above  downwards, 
and  is  composed  of  no  more  than  one 
thickness  of  horizontal  cells. — A section 
of  the  stem  of  Mahoijany  taken  in  the 
same  direction  as  the  last  (Fig.  261),  gives 
a very  good  view  of  the  cut  ends  of  the 
medullary  rays,  as  they  pass  between  the 
woody  fibres  ; and  they  are  seen  to  be 
here  of  somewhat  greater  thickness, 
being  composed  of  two  or  three  rows 
of  cells,  an-angcd  side  by  side. 

•371.  In  another  fossil  wood,  whose 
transverse  section  is  shown  in  Fig.  262, 
and  its  tangential  section  in  Fig.  263, 
the  medullary  rays  are  seen  to  occupy  a 
much  larger  part  of  the  substance  of 
the  stem  : being  shown  in  the  transverse 
section  as  broad  bands  {aa,  a a)  inteiwen- 
ingbetweeu  the  closely-set  woody  fibres, 
among  which  some  large  ducts  are 
scattered ; whilst  in  the  tangential, 
they  arc  observed  to  ]>o  not  only  decider 
than  the  preceding  from  above  down- 
wards, but  also  to  have  a much  greater 


Fig.  2C1. 


Vertical  Section  of  Mnlmiimn. 
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Fig.  2(J2. — Transverse  section  of  a Fossil  ’'rt'ood;  shoving 
tlic  Medullary  Bays,  a,  a,  a,  a,  a,  o,  runniug  nearly  parallel 
to  each  other,  and  the  openings  of  large  Ducts  m the  midst 
of  the  woody  fibres.  ■ 

Fio-.  263.  Vertical  (tangential)  section  of  the  same  wood  : 
showing  the  Woody  fibres  separated  by  the  Medullary  Bays, 
and  by  the  largo  Ducts,  hb,bb. 

Fin.  261. 


Transverse  and  Verlical  Sections  of  a Fossil  'W  ood  ; show- 
in-  the  separation  of  the’ Woody  plates,  a a,  a a,  by  the  very 
largo  Medullary  Bays,  bb,bb. 


'V 
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it  thickness.  'Phis  section  also  gives  an  excellent  view  of  the  ducts 
bb,bh,  which  are  here  plainly  seen  to  be  formed  by  the  coalescence 
!'  of  large  cylindi'ical  cells,  lying  end-to-end. — In  another  fossil  wood 
II  in  the  Author’s  possession,  the  medullary  Rays  constitute  a still 
P'  larger  proportion  of  the  stem;  for  in  the  transverse  section  (Fig.  261), 
i;  they  are  seen  as  very  broad  bands  (6,  b),  alternating  with  plates  of 
woody  structure  (a,  a),  whose  thickness  is  often  less  than  their  own ; 
I , whilst  in  the  tangential  section  (Fig.  265)  the  cut  extremities  of  the 

F medullary  rays  occupy  a very  large  part  of  the  area,  having  a^j- 

t parently  determined  the  sinuous  course  of  the  woody  fibres  ; instead 

i j of  looking  (as  in  Fig.  260)  as  if  they  had  forced  their  way  between 

:i]  the  woody  fibres,  which  there  hold  a nearly  straight  and  parallel 

)j  course  on  either  side  of  them. — The  medullary  rays  maintain  a 

)|  connection  between  the  external  and  the  internal  parts  of  the 

si  cellular  basis  of  the  stem,  which  have  been  separated  by  the  intcr- 

> i position  of  the  wood. 

I 372.  The  baric  may  be  usually  found  to  consist  of  three  princiiDal 
{ layers ; the  external,  or  ejyiphloeum,  also  teianed  the  suberous,  (or 

; corky)  layer  ; the  middle,  or  mesopliloium,  also  termed  the  cellular 

'f  envelope ; and  the  internal,  or  endopliloeum,  which  is  more  commonly 

{ known  as  the  liber.  The  two  outer  layers  are  entirely  cellular ; 

} and  are  chiefly  distinguished  by  the  form,  size,  and  direction  of 

t their  cells.  The  epiplilce.um  is  generally  composed  of  one  or  more 

f layers  of  colourless  or  brownish  cells,  which  usually  present  a 

< cubical  or  tabular  form,  and  are  arranged  with  their  long  diameters 

i ia  the  horizontal  direction  ; it  is  this  which,  when  developed  to  an 

5 unusual  thickness,  forms  corlc,  a substance  which  is  by  no  means  the 

I product  of  one  kind  of  tree  exclusively,  but  exists  in  greater  or  less 

t abundance  in  the  bark  of  every  exogenous  stem.  The  mesoplilceum 

! consists  of  cells,  usually  of  green  colour,  prismatic  in  their  form, 

t and  disposed  with  their  long  diameters  parallel  to  the  axis  ; it  is 

»:  moreloosely  arranged  than  the  preceding,  and  contains  intercellular 

t passages,  which  often  form  a network  of  canals  that  have  been 

t termed  laticiferous  vessels  ; and,  although  usually  less  developed 

i than  the  suberous  layers,  it  sometimes  constitutes  the  chief  thick- 

< ness  of  the  bark.  The  liber  or  ‘inner  bark,’  on  the  other  hand. 

5 usually  contains  woody  fibre  in  addition  to  the  cellular  tissue  and 

I laticiferous  canals  of  the  preceding ; and  thus  approaches  3uor(' 

< nearly  in  its  character  to  the  woody  layers,  with  which  it  is  in  close 

f inner  surface.  The  ‘ liber’  may  generally  be  found 

I TO  be  made  up  of  a succession  of  thin  layers,  equalling  in  numbei’ 

J those,  of  the  wood,  the  inneimost  being  the  last  formed;  but  no 

< such  succession  can  be  distinctly  traced  either  in  the  cellular  en- 
velope or  in  the^  suberous  layer,  although  it  is  certain  that  they  too 

j augment  in  thickness  by  additions  to  their  interior,  whilst  their 
external  portions  are  frequently  thrown-off  in  the  form  of  thickisli 
' themselves  in  smaller  and  thinner  lamina). — 

1 V u always  separated  from  the  wood  by  the  cambium-layer . 

I which  IS  the  part  wherein  all  new  growth  takes  place : this  seems  to 

G G 
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cousist  of  Hiiicilaginous  semi-fluid  matter  ; Eut  it  is  leally  made  u]> 
of  cells  of  a very  delicate  texture,  wliicli  gradually  undergo  trjms- 
forraatiou,  whereby  they  are  for  the  most  part  converted  into 
woody  fibres,  ducts,  spiral  vessels,  &c.  These  materials  are  sr> 
arranged  as  to  agument  the  fibro-vascular  bundles  of  the  wood  on 
their  external  surface,  thus  fonning  a new  layer  of  ‘ albuinum,  whicli 
encloses  all  those  that  preceded  it;  whilst  they  also  fom  a new 
layer  of  ‘liber,’  on  the  interior  of  all  those  which  preceded  it;  they 
also  extend  the  medullary  rays,  which  still  maintain  a continuous 
connection  between  the  iiith  and  the  bark  ; and  a iiortion  remains 
unconverted,  so  as  always  to  keep  apart  the  liber  and  the  albumiim. 

This  type  of  stem- structure  is  termed  e.vo(jenons ; a designation 

which  applies  very  correctly  to  the  mode  of_  inm-ease  of  the  woody 
layers,  although  (as  just  shown)  the  liber  is  tonned  upon  a truly 

(endogenous  plan.  r-  i • 

‘173  Xnmerous  departures  from  the  normal  type  are  found  in 
narticufar  tribes  of  Dicotyledons.  Thus  in  some  the  wood  is  not 
marked  bv  concentric  circles,  their  growth  not  being  intei-nipted 

by  any  seasonal  change,  in 
other  cases,  again,  each  woody 
zone  is  separated  from  the  next 
by  the  interposition  of  a thick- 
layer  of  cellular  substance. 
Sometimes  wood  is  formed  in  the 
bark  (as  in  Cahjeanthus),  so  that 
several  woody  columns  are  pro- 
duced, wliich  are  cpiite  indepen- 
dent of  the  principal  woody  axis, 
but  cluster  arouud  it.  Occa- 
sionally the  woody  stem  is  di- 
vided into  distinct  segments  by 
the  peculiar  thickness  of  certain 
of  the  medullary  rays  ; and  ir 
the  stem  of  which  Fig.  re 
presents  a transverse  sectiou 
these  cellular  pla.tes  fomi  fou 
— large  segments,  disposed  in  tin 

Tnmsverso  sectiou  of  the  stem  of  a manner  of  a Maltese  cross,  ami 
- - ' ' - alternatmg  •with  the  four  wood}" 

segments,  which  they  epual  ii 


Fig.  2CC. 


.•Vimbiug-plant(A)-ifi«ofoc7aV(  S')  from  New 
Zealaml. 


size. 


374.  The  Exogenous  stem,  like  the  (so-called)  Eiidogcuons,  con 

sists  in  its  first-developed  state,  of  cellular  tissue  only  ; but  a ^ 
tlie  leaves  have  beeu  actively  performing  their  functions  for  a shorj 
Sue  we  find  a circle  of  fibro-vascular  bundles,  as  represented  l i 
Fio-  ‘E52  interposed  between  the  central  (or  medullar})  ^ 
nSpheraMor Cortical)  portions  of  the  cellular  matrix;  thesc^hbro 
iascular  bundles  being  themselves  separated 

plates  of  cellular  tissue,  which  still  remain  to  conncit  the  cciura| 


STEMS  OF  DICOTYLEDONS  LOOTS. 


Fig.  267. 


4'.1 

:ui.l  the  peripheral  portions  of  that  matrix.  _ This  first  sta<>-e  in  the 

formation  of  the  Exogenous  axis,  in  which  its  jirincipal  parts the 

pith,  wood,  bark,  and  mednllary  rays — are 
marked-ont,  is  seen  even  in  the  steins  of 
licrbaceous  Plants,  which  are  destined  to 
die  down  at  the  end  of  the  season  (Fig. 

•267) ; and  sections  of  these,  which  are  very 
easily  prepared,  are  most  interesting  Mi- 
croscopic objects.  In  such  stems,  the  dif- 
ference between  the  Endogenous  and  the 
Exogenous  types  is  manifested  in  little  else 
than  the  disposition  of  the  fibro-vascnlar 
layers ; which  are  scattered  through  nearly 
the  whole  of  the  cellular  matrix  (although 
more  abundant  towards  its  exterior)  in  the  Q 
former  case ; but  are  limited  to  a circle 
within  the  peripheral  poi-tion  of  the  cellular 
tissue  in  the  latter.  Jt  is  in  the  further 
development  which  takes  place  during  suc- 
ceeding  years  in  the  woody  stems  of  peren- 
nial Exogens,  that  those  characters  are  dis- 
played, which  separate  them  most  com- 
pletely from  the  Ferns  and  their  allies, 
whoso  stems  contain  a cylindrical  layer  of 
Kbro-vascular  bundles,  as  well  as  from 
(so-called)  Endogens.  For  whilst  the  lukr  intogumout. 
libro-vascular  layers  of  the  latter  when  once  formed,  unaergo 
10  further  increase,  those  of  Exogenous  stems  are  progressively 
• gmented  on  their  outer  side  by  the  metamorphosis  of  the  cam- 

senes  ot  paraUel  cords  beneath  the  cellular  investment  of  a first- 
year  s stem,  may  become  in  time  the  small  end  of  a wedge-shaped 

(Tn  continuously  from  the  centre  to  the  exterior 

ot  a trank  of  several  feet  in  diameter,  and  becoming  progressively 

'ens  fil^ro-vascular  buifdle?  of  S 

„ens  aie  therefore  spoken  of  as  ‘ indefinite wliilst  those  of 

■ closcl?"  ^crogens  (Ferns,  &c.)  are  said  to  be  ‘definite’  or 


Portion  of  transverst) 
section  of  Arct'mm  (Biu-- 
cloclc),  showing  one  of  the 
Fibro-vascnlar  bundles 
that  lies  beneath  the  cel- 
imont. 

once  formed,  undergo 


althnmVh'^+b^  roors  ot  Exogens  have  no  pith, 

rintris^  medullary  rays ; and  the  succession  of  distinct 

thef  it  is  in  the  stems  from  which 

the^l'irfrf.r^  ’ + m ^®lmate  radical  filaments  wdiich  jwoceed  from 
vclonral’i.i  °°i.'  central  bundle  of  vessels  will  be  seen,  en- 

covers-in  +lf>^  ’^\^l?®tance  ; and  this  investment  also 

!iiid  cnnir.  fibnl,  which  is  usually  somewhat  dilated. 

(In.  of  peculiarly  succulent  tissue,  forming  what  is  termed 

) Jto  c.  Ihe  structure  of  the  radical  filaments  mav  be  well 
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studied  iu  tlie  comnion  Duchvjeed,  every  floating  leaf  of  ■\vliicli  has 
a single  fibril  hanging  down  from  its  lower  surface. 

376.  The  structure  of  Stems  and  Boots  cannot  be  thoroughly 
examined  in  any  other  way,  than  by  making  sections  in  different 
directions  with  the  Microtome.  The  general  instructions  already 
oiven  (§  184)  leave  little  to  be  added  respecting  this  special  class 
of  objects;  the  chief  points  to  be  attended  to  bemg  the  pre- 
paration of  the  Stems,  &c.,  for  slicing,  the  sharpness  of  the  kniie 
and  the  dexterity  with  which  it  is  handled,  and  the  method  ol 
mountino"  the  sections  when  made.  The  wood,  if  green,  should  tiist 
be  soaked  in  strong  alcohol  for  a few  days,  to  get  rid  of  the  resinous 
matter;  and  it  should  then  be  macerated  in  water  for  some  dap 
longer,  for  the  removal  of  its  gum,  before  being  pbrnitted  to  the 
cutting-process.  If  the  wood  be  dry,  it  should  first  be  smtened 
by  soaking  for  a sufficient  length  of  time  in  water,  and  then  trpted 
with  spirit,  and  afterwards  with  water,  like  green  wood.  Some 
woods  are  so  little  affected  even  by  prolonged  maceration  that 
boiling  in  water  is  necessary  to  bring  them  to  the  degree  of  softness 
requisite  for  making  sections.  No  wood  that  has  once  bpn  chy, 
however,  yields  such  good  sections  as  that  which  is  cut 
Whenapmce,  of  the  appropriate  length,  has  been  placed  in  the 
o-rasp  of  the  Section-instrument  (wedges  of  deal  or  other  soft  wood 
bein^  forced-in  with  it,  if  necessary  for  its  firm  fixation),  a few  thick 
slices  should  first  be  taken,  to  reduce  its  surface  to  an  exact  levM; 
the  surface  should  then  be  wetted  with  spint,_  the  Micromeffir- 
screw  moved  through  a small  part  of  a revolutip,  and  the  shce 
taken  off  with  the  razor,  the  motion  given  to  which  should  partake 
both  of  drcauing  and  pushing.  A little  practice  will  soon  enable  the 
operator  to  discover,  in  each  case,  how  iliin  he  may  venture  to  cut 
his  sections  without  a breach  of  continuity^ ; and  the  Miciomete  - 
screw  shouldbe  turned  so  as  to  give  the  reqmred  elevation,  rf  tte  sui- 
face  of  the  wood  has  been  sufficiently  wetted,  the  sption 
curl-up  in  cutting,  but  will  adhere  to  the  surface  of  the  razor,  from 
which  it  is  best  detached  by  dipping  the  razor  in  water  so  a^s 
float  away  the  slice  of  wood,  a camel-hau- pencil  being  ^^^d  to  push 
it  off,  if  necessary.  All  the  sections  that  may  be  found  sufficien  y 
thin  and  perfect,  should  be  put  aside  in  a bottle  ^ 
until  they  be  mounted.  For  the  minute  examination  of  then  sti  uc 
ture  they  may  be  mounted  either  in  weak  spint  or  m 
ielly.  Where  a mere  general  view  only  is  needed,  dry-mounting 
inswers  the  purpose  sufficiently  well ; 

such  as  the  Clematis,  of  which  transverse  sectionp-athei  thickei  Hia 
ordinary  make  very  beautiful  opaque  ob;iects,  when  mounted  d y 
1 blS  groiind.  Canada  Balsam  should  not  be  had  recourse  to. 
except  in  the  case  of  very  opaque  sections,  as  it  iisiially 
^tnirfure  too  transparent.  Transverse  sections, 
slightly  charred  by  heating  between  two 
tuim  b^own,may  be  mounted  with  f 
and  are  then  very  showy  specimens  for  the  Gas-31icioscoi 


epider:mis  and  leaves. 
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number  of  beautiful  and  interesting  objects  wliicb  may  be  tlius 
obtained  from  even  the  commonest  Trees,  Shrubs,  and  herbaceous 
Plants,  at  the  cost  of  a very  small  amount  of  trouble,  can  scarcely 
be  conceived  save  by  those  who  have  sjDCcially  attended  to  these 
wonderful  structures.  And  a careful  study  of  sections  made  in 
different  parts  of  the  stem,  especially  in  the  neighbourhood  of 
the  ‘ growing  point,’  will  reveal  to  the  eye  of  the  Physiologist  some 
of  the  most  important  phenomena  of  Yegetation.  The  judicious 
use  of  the  staining  process  (§§  200-203)  not  only  improves  the 
appearance  of  such  sections,  but  adds  greatly  to  their  scientific 
value. — Fossil  Woods,  when  well  preserved,  are  generally  silicijied, 
and  can  only  be  cut  and  polished  by  a lapidary’s  wheel.  Should  the 
Microscopist  be  fortunate  enough  to  meet  with  a portion  of  a cal- 
cified stem  in  which  the  organic  structure  is  preserved,  he  should 
proceed  with  it  after  the  manner  of  other  hard  substances  wliich 
need  to  be  reduced  by  grinding  (§§  192-194). 

377.  Epidermis  and  Leaves. — On  all  the  softer  parts  of  the 
higher  plants,  save  such  as  grow  under  water,  we  find  a surface- 
layer,  differing  in  its  texture  from  the  parenchyma  beneath,  and 
constituting  a distinct  membrane,  known  as  the  Epideinnis.*  This 


Eplderm  of  Leaf  of  Yucca.  Epidenu  of  I;eaf  of  Indian 

Corn  (Zoa  Mais). 

membrane  is  composed  of  cells,  the  walls  of  which  are  flattened  above 
and  below,  whilst  they  adhere  closely  to  each  other  laterally,  so  as 


*■  Ihis  term,  borrowed  from  Animal  structure,  is  singularly  inappropriate  in 
l>otany;  since  it  properly  designates  a layer  lying  ■upon  the  derm  or  true  skii\ : 
and  the  Writer  would  liavo  therefore  preferred  to  retain  tlie  old  term  ‘ Cuticle,’ 
i'*"  applied  by  the  liigliest  authorities  to  the  thin 

pellicle  covering  the  Epidenu  (§  381). 
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to  form  a contimioiis  stratum  (Figs.  272,  274,  a,  a).  Tlieir  sliajH; 
is  different  in  almost  every  tribe  of  plants  ; thus  in  the  epiderm  of 
the  Yucc.a  (Fig.  268),  Indian  Corn  (Fig.  269),  Iris  (Fig.  276),  am] 


Fig.  270. 


a 


I’ortion  of  Epidenu  of  inferior  sni-face  of  Leaf  ol  Apple,  vitli 
layer  of  parenchyma  in  immediate  contact  with  it : — a,  n.  ; 

elongated  cells  overlying  the  veins  of  the  leaf ; b,  b,  ordinary  epi-  i 

derm  cells,  overlying  the  jiarenchyma ; c,  c,  stomata ; d,  d,  green  ; 

cells  of  the  parenchyma,  fonning  a very  open  network  near 
the  lower  surface  of  the  leaf. 

most  other  Monocotyledons,  the  cells  are  elongated,  and  2irc.scnt 
an  approach  to  a rectangular  contour ; their  margins  being  straight 
in  the  Yucca  and  Iris,  but  minutely  sinuous  or  crenated  in  the 
Indian  Corn.  In  most  Dicotyledons,  on  the  other  hand,  the  cells 
of  the  epiderm  depart  less  from  the  form  of  circular  disks ; but  their 
margins  usually  exhibit  large  irregular  sinuosities,  so  that  they 
seem  to  fit  together  like  the  pieces  of  a dissected  map,  as  is  seen  in 
the  epiderm  of  the  ytppZe  (Fig.  270,  h,b).  Even  here,  however,  the 
cells  of  that  portion  of  the  epiderm  {a,  a)  which  overlies  the  ‘ veins 
of  the  leaf,  have  an  elongated  form,  approaching  that  of  the  wood- 
cells  of  which  these  veins  are  chiefly  composed ; and  it  seems  likely, 
therefore,  that  the  elongation  of  the  ordinaiy  epidenn-cells  of 
Monocotyledons  has  reference  to  that  parallel  arrangement  of  the 
veins  which  their  leaves  almost  constantly  exhibit. 

678.  The  cells  of  the  ejiiderm  are  colomless,  or  nearl}’  so,  liaving 
no  chlorophyll  in  their  inteidor;  and  their  walls  arc  gcner:illy 
thickened  by  secondary  de]30sit,  especially  on  the  side  nearest  the 
atmosphere.  Tfliis  deposit  is  of  a waxy  nature,  and  consequently 
renders  the  membrane  very  impermeabie  to  fluids,  so  as  to  protect 
the  soft  tissue  of  the  leaf  from  drying  up.  In  most  European 
plants  the  epiderm  contains  but  a single  row  of  cells,  wliich,  more- 
over, are  usually  thin-sided ; whilst  in  the  generality  of  trojucal 
species,  there  exist  two,  three,  or  even  four  layers  of  thick-sidixl  cells 
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this  last  number  being  seen  in  tbe  Oleander,  the  epidcrni  of  whicli. 
when  sei)arated,  has  an  almost  leatliery  firmness,  d^is  difference 
in  conformation  is  obviously  adapted  to  the  conditions  of  growth 
under  which  these  plants  respectively  exist ; since  the  epiderm  of  a 
plant  imhgenons  to  temj)erate  climates,  would  not  afford  a sufficient 
protection  to  the  interior  structure  against  the  rays  of  a tropical 
sim ; whilst  the  less  powerful  heat  of  this  country  would  scarcely 
overcome  the  resistance  presented  by  the  dense  and  non-conducting 
tegument  of  a species  formed  to  exist  in  tropical  climates. 

Fig.  271. 

A B 


Portion  of  Epiilerm  of  upper  surface  of  Leaf  of  Rocliea 
fUlcata,  as  seen  at  A from  its  iuuer  side,  aud  at  n from  its 
outer  siilo  : — «,  small  cells  forming  inner  layer;  l>,  b,  largo 
i)romineut  cells  of  outer  layer:  c,  c,  stomata  disposed  between 
the  latter. 


:17'.1.  A very  curious  modification  of  the  epiderm  is  presented  by 
the  llochoa  falcata,  which  has  the  surface  of  its  ordinary  epiderm 
(Figs.  271,  272,  a,  a)  nearly 

covered  with  a layer  of  large  Fig.  272 . 

luomiueut  isolated  cells, 
li,  A somewhat  similar 
.structure  is  found  in  the 
M cserinljnjnnthemimi  crys- 
fnllinurn,  commonly  known 
as  the  Ice-plant ; a designa- 
tion it  owes  to  the  peculiar 
appearance  of  its  sm-face, 
which  looks  as  if  it  were 
<‘overed  with  frozen  dew- 


•Irops.  In  other  instances, 
the  epiderm  is  partially  in- 
vested by  a layer  of  neales, 
which  are  nothing  else  than 
Hiittened  cells,  often  having 
a very  peculiar  form;  whilst 
>n  numerous  cases,  again, 

^^6  surface  beset  with  haivfi,  which  occasionally  consisl 
‘d  single  elongated  cells,  but  are  more  commonly  made  up  o" 


Portion  of  Vertical  Soctiou  of  leaf  of  Jlochai. 
showing  tho  small  cells,  «,  a,  of  the  inner 
layer  of  Epidermis  ; the  lai'go  cells,  b,  b,  of  the 
outer  layer;  c,  oue  of  the  stomata;  </,  (f. 
c<;lls  of  tho  parenchyma;  n,  cavity  bol.ween 
the  parenchymatous  cells,  into  whii'h  tin- 
stoma  opens. 
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linear  series,  attached  end  to  end,  as  in  Fig.  240.  Sometimes  these 
hairs  bear  little  glandular  bodies  at  their  extremities,  by  the 
secretion  of  which  a peculiar  viscidity  is  given  to  the  surface  of 
the  leaf,  as  in  the  Sundew  {Drosera) ; in  other  instances,  the  hair 
has  a glandular  body  at  its  base,  with  whose  secretion  it  is  moistened, 
so  that  when  this  secretion  is  of  an  irritating  quality,  as  in  the 
Nettle,  it  constitutes  a ‘ sting.’  A great  variety  of  such  organs 
may  be  found,  by  a microscopic  examination  of  the  surface  of  the- 
leaves  of  plants  having  any  kind  of  superficial  investment  to  the 
epiderm.  Many  connecting  links  present  themselves  between  hairs 
and  scales,  such  as  the  stellate  hairs  of  the  Deutzia  scahra,  which  a 
good  deal  resemble  those  within  the  air-chambers  of  the  Yellow 
Waterlily  (Fig.  23S). 

380.  The  Epidermis  in  many  plants,  especially  those  belonging 
to  the  Grass  tribe,  has  its  cell-walls  impregnated  with  silex,  like 
that  of  the  Equisetum  (§  345) ; so  that  when  the  organic  matter 
seems  to  have  been  got  rid-of  by  heat  or  by  acids,  the  forms  of  the 
cuticle-cells,  hairs,  stomata,  &c.,  are  still  marked-out  in  silex,  and 
(unless  the  dissipation  of  the  organic  matter  has  been  most  per- 
fectly accomplished)  are  most  beautifully  displayed  by  Polarized 
light.  Such  siheified  epiderms  are  found  in  the  husks  of  the  grains 
yielded  by  these  plants  : and  there  is  none  in  which  a larger  pro- 
portion of  mineral  matter  exists,  than  that  of  Rice,  wliich  contains 
some  curious  elongated  cells  with  toothed  margins.  The  hairs  with 
which  the  palecB-  (chaff-scales)  of  most  Glrasses  are  furnished,  are 
strengthened  by  the  like  siliceous  deposit ; and  in  the  Festuca 
pratensis,  one  of  the  common  meadow-grasses,  the  palem  are  also 
beset  with  longitudinal  rows  of  little  cup-like  bodies  formed  of 
silica.  The  epiderm  and  scaly  hairs  of  Deutzia  scahra  also  contain 
a large  quantity  of  silex ; and  are  remarkably  beautiful  objects  for 
the  Polariscope. 

381.  Externally  to  the  epidermis  there  usuall}’"  exists  a very 

delicate  transparent  ‘ cuticle,’  showing  no  decided  traces  of  organi- 
zation, though  occasionally  somewhat  granular  in  appearance,  and 
marked  by  lines  that  seem  to  be  impressions  of  the  junctions  of 
the  cells  with  which  it  was  in  contact.  When  detached  by  macera- 
tion, it  not  only  comes  off  from  the  surface  of  the  epiderm,  but  also- 
from  that  of  the  hairs,  &c.,  wliich  this  may  bear.  Tliis  membrane 
is  obviously  formed  by  the  agency  of  the  epidermic  cells ; and  it 
seems  to  consist  of  the  external  layers  of  their  thickened  cellulose 
walls,  which  have  coalesced  with  each  other,  and  have  separated 
themselves  from  the  subjacent  layers.  _ _ _ . i • 

382.  In  nearly  all  plants  which  possess  a distinct  ejiidermis,  this 
is  jierforated  by  the  minute  openings  termed  stomata  (Figs.  270-271, 
c,  c) ; which  are  bordered  by  cells  of  a peculiar  form,  distinct  froni 
those  of  the  epidermis,  and  more  resembling  in  character  those  of 
the  tissue  beneath.  These  boundai*y-cells  are  usually  somewhat 
kidney-shaped,  and  lie  in  pairs  (Fig.  273,  h,h),  with  an  oval  opening 
lictween  them ; but  by  an  alteration  in  their  form,  the  opening  may 
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Ii  be  coutracted  or  nearly  closed.  In  the  oihdemi  of  Yiocca,  however, 
the  opening  is  bounded  by  two  j>airs  of  cells,  and  is  somewhat 
I • quadrangular  (Fig.  268)  ; 

; and  a like  doubling  of  the 
boundary-cells,  with  a nar- 
rower slit  between  them,  is 
: seen  in  the  epiderm  of  the 

hidlaa  corn  (Fig.  269).  In 
i the  stomata  of  ’ no  Phane- 
; rogam,  however,  do  we  meet 
I with  an}'-  conformation  at  all 
! to  be  compared  in  complexity 
j -with  that  wliich  has  been  de- 
i scribed  in  the  humble  Mar- 
j chantia  (§332). — Stomata  are 
usually  found  most  abun- 
dantly (and  sometimes  exclu- 
sively) in  the  epiderm  of  the 
hiver  surfaces  of  leaves, 
where  they  open  into  the  air- 
chambers  that  are  left  in  the 

I parenchyma  which  lies  next 
the  inferior  epidenn ; in 
leaves  which  float  on  the 
surface  of  water,  however, 
they  are  found  in  the  epiderm 
of  the  upper  surface  only ; 
whilst  in  leaves  that  habitu- 
ally live  entirely  submerged,  as  there  is  no  distinct  epiderm,  so  there 
are  no  stomata.  In  the  erect  leaves  of  G-rasses,  the  Iris  tribe,  &c., 
they  are  found  ecpially  (or  nearly  so)  on  both  surfaces.  As  a general 
fact,  they  are  least  numerous  in  succulent  plants,  whose_  moisture, 
obtained  in  a scanty  supply,  is  destiued  to  be  retained  in  the  sys- 
tem ; whilst  they  abound  most  in  those  which  exhale  fluid  most 
readily,  and  therefore  absorb  it  most  quickly.  It  has  been  esti- 
mated that  no  fewer  than  160,000  are  contained  in  every  square  inch 
of  the  under  surface  of  the  leaves  of  Hydrangea  and  of  several  other 
plants  ; the  greatest  number  seeming  always  to  be  present  where 
the  upper  surl'ace  of  the  leaves  is  entirely  destitute  of  these  organs. 
In  Ins  germanica,  each  surface  has  nearly  12,000  stomata  in  every 
square  inch ; and  in  Yucca,  each  surface  has  40,000. — In  Oleander, 
iJanhsia,  and  some  other  plants,  the  stomata  do  not  open  directly 
upon  the  lower  surface  of  the  epiderm,  but  lie  in  the  deepest  part 
of  little  pits  or  depressions,  which  are  excavated  in  it  and  lined 
with  hairs ; the  mouths  of  these  pits,  with  the  hairs  that  line  them, 
are  well  brought  into  view  by  taking  a thin  slice  from  the  surface 
of  the  epiderm  with  a sharp  knife ; but  the  form  of  the  cavities  and 
the  position  of  the  stomata  can  only  be  well  made-out  in  vertical 
sections  of  the  leaves. 


Tor  lion  of  Epidermis  of  Leaf  of  Iris 
germanica,  torn  from  its  surface,  and  carry- 
ing away  witii  it  a portion  of  the  parenchy- 
matous layer  in  immediate  contact  with 
it ; — a,  a,  elongated  cells  of  the  cuticle ; 
b,  b,  cells  of  the  stomata;  c,  c,  cells  of  the 
parenchyma ; d,  d,  impressions  on  the 
epidenuic  cells  foimecl  by  their  contact ; 
e,  e,  cavities  in  the  parenchyma,  corre- 
sponding to  the  stomata. 
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383.  The  internal  structure  of  leaves  is  best  brought  into  view 
by  making  vertical  sections,  that  shall  traverse  the  two  layers  of 
epiderm  and  the  intermediate  cellular  parenchyma;  portions  of 
such  sections  are  shown  in  Figs.  272,  274,  and  275.  In  close 

apposition  with  the  cells 
of  the  upper  epidenn 
(Fig.  274,  a,  a),  whicli 
may  or  may  not  lie  per- 
forated with  stomata 
(c,c,  d,d)  we  find  a la3’ci' 
of  soft  thin-walled  cells, 
containing  a large  quan- 
tity of  chlorophyll ; 
these  generally  press  so 
closely  one  against 
another,  that  their  sides 
become  mutually  fiat- 
tened,  and  no  sjDaces  are 
left,  save  where  there 
is  a definite  air-chamber 
into  which  the  stoma 
opens  (Fig.  274,  e) ; and 
the  compactness  of  this 
superficial  layer  is  well 
seen,  when,  as  often 
happens,  it  adheres  so  closely  to  the  epiderm,  as  to  be  .carried 
away  with  tliis  when  it  is  torn  off  (Fig.  273,  c,  c).  Beneath  this 
first  layer  of  leaf-cells,  there  are  usually  several  others  rather 
less  compactly  arranged  ; and  the  tissue  gradually  becomes  more 
and  more  lax,  its  cells  not  being  in  close  ajpposition,  and  large 
intercellular  passages  being  left  amongst  them,  until  we  reach  the 
lower  ej)iderm,  which  the  parenchyma  only  touches  at  certain  points, 
its  lowest  layer  forming  a set  of  network  (Fig.  270,  d,  d)  with  large 
interspaces,  into  which  the  stomata  open.  It  is  to  this  arrange- 
ment that  the  darker  shade  of  green  almost  invaluably  presented 
by  the  superior  surfaces  of  leaves  is  principally  due ; the  colour  of 
the  component  cells  of  the  parenchyma  not  being  deeper  in  one 
part  of  the  leaf  than  in  another. — In  those  plants,  however,  whose 
leaves  are  erect  instead  of  being  horizontal,  so  that  their  two  sur- 
faces are  equally  exposed  to  light,  the  parenchyma  is  arranged  on 
).ioth  sides  in  the  same  manner,  and  their  epiderms  are  furnished 
with  an  equal  number  of  stomata.  Tliis  is  the  case,  for  example. 
Avith  the  leaves  of  the  coiiimon  garden  Iris  (Fig.  275) ; in  which, 
moreover,  we  find  a central  portion  {d,  d)  formed  by  tliick-wallwl 
colourless  tissue,  very  dilFerent  either  from  ordinary  leai-eells 
or  from  woody  fibre.  The  explanation  of  its  presence^  is  to  be 
found  in  the  iieciiliar  conformation  of  the  leaves ; for  if  ive  pull 
one  of  them  from  its  origin,  we  shall  find  that  ivliat  appears  to  be 
the  fiat  expanded  blade  really  exposes  but  half  its  surface;  Uf 


Fig.  27L 


Verlical  section  of  Epidermis  and  of  portion 
of  subjacent  parencliyma,  of  Leaf  of  Iris  ger- 
manica,  taken  in  a transverse  direction : — a,  a, 
cells  of  epiderm;  h,  b,  eells  at  the  sides  of  the 
stomata ; c,  c,  small  green  cells  placed  ivithin 
these ; d,  d,  openings  of  the  stomata ; e,  e,  cavities 
in  the  j)arenchyma  into  ivhich  the  stomata  open ; 
f,f,  cells  of  the  parenchyma. 


STRUCTUEE  OF  LEAVES. 


blade  Ijoiug  doubled  togethei*  longitudinally,  so  that  what  may  he 
considered  its  under  surface  is  entirely  concealed.  The  two  halves 
are  adherciit  together  at  their  upper  part,  hut  at  their  lower  they 

Fig.  275. 


Portiou  of  vovlical  longitudinal  section  of  Leaf  of  //•(.(,  ex- 
tending from  one  of  its  flattened  sides  to  the  other: — a,  n, 
elongated  cells  of  Epideriu  ; h,  h,  stomata  cut  through  longi- 
tudinally ; c,  c,  green  cells  of  parenchyma;  <Z,  d,  colourless 
tissue,  occupying  interior  of  leaf. 

;irc  commonly  separated  hy  a new  leaf  which  comes-up  hetweeu 
them  ; and  it  is  from  this  arrangement,  which  resemhles  the  posi- 
tion of  the  legs  of  a man  on  horsehack,  that  the  leaves  of  the  Iris 
tribe  are  said  to  be  cqwitant.  How  hy  tracing  the  middle  layer  of 
colourless  cells,  cl,  cl,  down  to  that  lower  portion  of  the  leaf  where 
it.s  two  halves  diverge  from  one  another,  we  find  that  it  there 
liecomes  continuous  with  the  epiderm,  to  the  cells  of  which 
(Fig.  275,  a)  these  bear  a strong  resemblance  in  every  respect  save 
the  greater  proportion  of  their  breadth  to  their  length. — Another 
interesting  variety  in  leaf-structure  is  presented  by  the  Water-TAly 
and  other  ITauts  whose  leaves  float  on  the  surface ; for  here 
the  usual  arrangement  is  entirely  reversed,  the  closely-set  layers  of 
green  leaf-cells  being  found  in  contact  with  the  lower  surface, 
whilst  all  the  upper  part  of  the  leaf  is  occupied  by  a loose  spongy 
ppenchyma,  containing  a very  large  number  of  air-spaces  that 
give  buoyancy  to  the  leaf  ; and  these  spaces  communicate  with  the 
external  air  through  the  numerous  stomata,  which,  contrary  to  the 
general  rule  (§  382),  are  here  found  in  the  uj^per  epiderm  alone.* 
384.  The  examination  of  the  foregoing  structures  is  attended 
with  very  little  difficulty.  Many  epiderms  may  be  torn  off,  by  the 
exercise  of  a little  dexterity,  from  the  surfaces  of  the  leaves  they 
invest,  without  any  preparation  : this  is  especially  the  case  with 
Monocotyledons  generally,  the  veins  of  whose  leaves  run  parallel, 
and  with  such  Dicotyledons  as  have  very  little  woody  structure 
in  their  leaves ; in  those,  on  the  other  hand,  whose  leaves  are 

. * Koo  tho  cl.n.ssical  Momoir  by  Ad.  Bronguinvt.  on  the  Stnictiu'c  of  Lc'jivef, 
“dim.  di>3  .Sri.  Xal.,’-  'J'om.  x.xi.  (1830),  pp.  420-458. 
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ITiruisliexl.  witli  reticulated  veins  to  which  the  epiderm  adheres  (as 
is  the  case  in  hy  far  the  larger  proportion),  this  can  only  he 
detached  by  first  macerating  the  leaf  for  a few  days  m water ; 
and  if  their  texture  should  be  particularly  firm,  the  addition  of  a 
few  drops  of  nitric  acid  to  the  water  will  render  their  cuticles  more 
easily  separable.  Epiderms  may  be  advantageously  mounted  either 
in  weak  spirit,  or  in  glycerine-jelly. — Very  good  sections  of  most 
leaves  may  be  made  by  a sharj)  knife,  handled  by  a carelnl  mani- 
pulator ; but  it  is  generally  preferable  to  use  the  klicrotome,  placing 
the  leaf  between  two  pieces  either  of  very  soft  cork  or  of  elder-pith 
or  carrot,  or  imbedding  it  in  paraffine  (§  189).  In  order  to_  study 
the  structure  of  leaves  with  the  fulness  that  is  needed  for  scientific 
research,  numerous  sections  should  be  made  in  diiferent  directions ; 
and  slices  taken  parallel  to  the  surfaces,  at  different  distances  from 
them,  should  also  be  examined.  There  is  no  known  medium  in 
which  such  sections  can  be  preserved  altogether  without  change : 
l)ut  some  one  of  the  methods  formerly  described  (§  206)  will 
generally  be  found  to  answer  sufficiently  well. 

385.  Floivers. — Many  small  flowers,  when  looked-at  entire  with 
a low  magnifying  power,  are  very  striking  Microscopic  objects ; 
and  the  interest  of  the  young  in  such  observations  can  scarcely^  be 
better  excited,  than  by  directing  their  attention  to  the  new  view 
they  thus  acquire  of  the  ‘ composite’  nature  of  the  humble  down- 
trodden Daisy,  or  to  the  beauty  of  the  minute  blossoms  of  may 
of  those  TJmlelliferous  Plants  wliich  are  commonly  regarded  only 
as  rank  weeds.  The  Scientific  Microscopist,  however,  looks  more 
to  the  organization  of  the  separate  parts  of  the  flower  ; and  among 
these  he  finds  abundant  sources  of  gratification,  not  merely 
love  of  knowledge,  but  also  to  his  taste  for  the  beautiful.  The 
o'encral  structure  of  the  sepals  and  'petals,  which  constitute  the 

‘perianth’  or  floral  enve- 
lope, closely  corresponds 
with  that  of  leaves ; the 
cluef  difference  lying  in 
the  peculiar  change  of  hue 
which  the  chlorophyll  al- 
most invariably  undergoes 
in  the  latter  class  of  organs, 
and  very  frequently  in  the 
former  also.  There  are  sonic 
petals,  however,  whose  cells 
exhibit  very  interesting 
peculiarities,  either  of  form 
or  marking,  in  addition  to 
their  distinctive  coloration; 
such  are  those  of  the  (rcra- 
nium  (Pelargonium),  of 

♦ See  especially  Mr.  Tuffeu  West  ‘ On  some  Conditions  of  tlie  rell-\V  all  m tlm 
Petals  of  Flowers,’  in  “ Quart.  Jouni.  of  Mierosc.  Seienre,"  5'ol.  vii.  (1850),  p.  •«- 


Fig.  276. 


Cells  from  I’otal  of  Geranium 
{Pdargonhnn.) 
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which  a small  portion  is  rein-esented  in  Fig.  276.  The  different 
portions  of  this  petal — when  it  has  been  dried  after  stripping  it  of 
its  epiderm,  immersed  for  an  lionr  or  two  in  oil  of  turpentine,  and 
then  mounted  in  Canada  balsam — exhibit  a most  beautiful  variety 
of  vivid  coloration,  which  is  seen  to  exist  chiefly  in  the  thickened 
jiartitions  of  the  cells ; whilst  the  surface  of  each  cell  presents  a 
veiy  curious  opaque  spot  with  numerous  diverging  prolongations. 
This  method  of  preparation,  however,  does  not  give  a true  idea  of 
the  structure  of  the  cells  ; for  each  of  them  has  a peculiar  mam- 
millary protuberance,  the  base  of  Avhich  is  surrounded  by  hairs  ; 
and  this  it  is  which  gives  the  velvety  appearance  to  the  surface  of 
the  petal,  and  which,  when  altered  by  drying  and  compression, 
occasions  the  peculiar  spots  represented  in  Fig.  276.  Their  real 
character  may  be  brought  into  view  by  Dr.  Inman’s  method ; 
which  consists  in  drying  the  petal  (when  stripped  of  its  epidemi) 
on  a slip  of  glass,  to  wliich  it  adheres,  and  then  placing  on  it  a 
little  Canada  balsam  diluted  with  Turpentine,  which  is  to  be 
boiled  for  an  instant  over  the  spirit-lamp,  after  which  it  is  to  be 
covered  with  a thin  glass.  The  boiHng  ‘ blisters’  it,  but  does  not 
remove  the  colour ; and  on  examination  many  of  the  cells  will  be 
found  showing  the  mammilla  very  distinctly,  with  a score  of  hairs, 
surrounding  its  base,  each  of  these  slightly  curved,  and  pointing 
towards  the  apex  of  the  mammilla. — The  petal  of  the  common 
Scarlet  Pimpemel  {AnagaMis  arvensis),  that  of  the  common  Chick- 
weed  {Stellaria  media),  together  with  many  others  of  a small  and 
delicate  character,  are  also  very  beautiful  microscopic  objects ; 
and  the  two  just  named  are  peculiarly  favourable  subjects  for 
the  examination  of  the  spiral  vessels  in  their  natural  position. 
For  the  ‘ veins’ which  traverse  these  petals  are  entirely  made-up 
of  spiral  vessels,  none  of  which  individually  attain  any  great 
length ; but  one  follows  or  takes  the  place  of  another,  the  conical 
commencement  of  each  somes'/hat  overlapping  the  like  termination 
of  its  predecessor ; and  where  the  ‘ veins’  seem  to  branch,  this 
does  not  happen  by  the  bifurcation  of  a spiral  vessel,  birt  by  the 
‘ spheing-on’  (so  to  speak)  of  one  to  the  side  of  another,  or  of  two 
new  vessels  diverging  from  one  another  to  the  end  of  that  which 
formed  the  principal  vein. 

386.  The  anthers  and  2’>ollen-grains,  also,  present  numerous  objects 
of  great  interest,  both  to  the  scientific  Botanist  and  to  the  amateur 
Microscopist.  In  the  first  place,  they  afford  a good  opportunity 
of  studying  that  form  of  ‘free’  cell-development  which  seems 
peculiar  to  the  parts  concerned  in  the  reproductive  process,  and 
which  consists  in  the  development  of  a new  cell-wall  round  an 
isolated  mass  of  protoplasm  forming  part  of  the  contents  of  a 
‘ parent-cell ;’  so  that  the  new  cell  lies  free  within  its  cavity,  instead 
of  being  formed  by  its  subdivision,  as  in  the  ordinary  method  oJ' 
multiplication  (§  ‘226). — If  the  anther  be  examined  by  thin  sections 
at  an  early  stage  of  its  development  within  the  young  fiowor-bud, 
it  will  bo  found  to  be  made-up  of  ordinary  cellular  parenchyma 
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in  wliicli  no  peculiarity  anywliere  kIiows  itscli' : but  a gradual 
• dilFerentiation’  speedily  takes-place,  consisting  in  tlie  develop- 
ment of  a set  of  very  large  cells  in  two  vertical  rows,  wliicli  occupv 
the  place  of  the  IocmU  or  ‘ iDollen-chamhers’  that  afterAvards  preseiu 
themselves  ; and  these  cells  give  origin  to  the  pollen-grains,  Avhilst 
the  ordinary  parenchyma  remains  to  form  the  walls  of  the  pollen- 
chambers.  The  pollen-grains  are  formed  Avitliin  ‘ mother-cells.' 
the  endoplasm  of  each  breaking  up  into  four  segments.  These 
become  invested  by  a double  envelope,  a firm  e.vlinc,  and  a thin 
lidiuii ; and  they  are  set  free,  Avhen  mature,  by  the  bursting  of  the 
pollen-chambers.  It  is  not  a little  curious  that  the  layer  of  cells 
which(;lines  the  pollen-chambers  should  ex'hibit,  in  a considerable 
proportion  of  plants,  a strong  resemblance  in  structure,  though  not 
in  form,  to  the  elaters  of  March  ant  ia  (Fig.  218).  For  they  have  in 
their  interior  a fibrous  deposit ; Avhich  sometimes  forms  a conti- 
nuous spiral  (like  that  in  Fig.  244),  as  in  Xarcissus  and  Hyoscy- 
amus  ; but  it  is  often  broken-up,  as  it  Avere,  into  rings,  as  in  the  Iris 
and  Hyacinth  ; in  many  instances  forms  an  in-egular  netAvork,  as 
in  the  \riolet  and  Saxifrage ; in  other  casPs.  again,  forms  a set  of 
interrupted  arches,  the  fibres  being  deficient  on  one  side,  as  in 
Yellow  Water-lily,  Bryony,  Primrose,  &c. ; wliilst  a very  pecuhar 
stellate  aspect  is  often  given  to  these  cells,  by  the  conA'crgence  of 
the  interrapted  fibres  towards  one  point  of  the  cell-wall,  as  in  the 
Cactus,  Geranium,  Madder,  and  many  other  well-known  plants. 
A^arious  intermediate  modifications  exist ; and  the  particular  form 
presented  often  varies  in  different  parts  of  the  wall  of  one  and  the 
same  anther.  It  seems  probable  that,  as  in  Hepaticn?.  the  elas- 
ticity of  these  si^iral  cells  may  have  some  share  in  the  opening  of 
the  pollen-chambers  and  in  the  dispersion  of  the  pollen-gniins. 

887.  The  form  of  the  pollen-grains  seems  to  depend  in  part  upon 
the  mode  of  dirision  of  the  cavity  of  the  parent-cell  into  quarters ; 
generally  speaking  it  approaches  the  spheroidal,  but  it  is  sometimes 
elliptical,  and  sometimes  tetrahedral.  It  A’aries  more.  hoAvever, 
Avhen  the  pollen  is  dry,  than  when  it  is  moist ; for  the  effect  of  tlu' 
imbibition  of  fluid,  which  usually  takes-place  Avhen  the  pollen  is 
placed  in  contact  with  it,  is  to  soften-doAvn  angularities,  and  to 
bring  the  cell  nearer  to  the  tyj^ical  sphere.  The  extine  or  outer 
coat  of  the  pollen-grain  often  exhibits  A’^ery  curious  markings,  wliich 
seem  due  to  an  increased  thickening  at  some  points  and  a thin- 
ning-away  at  others.  Sometimes  these  markings  give  to  the  sur- 
face-layer so  close  a resemblance  to  a stratum  of  cells  (Fig.  277.  i'. 
<:,  d),  that  only  a very  careful  examination  can  detect  the  difference. 
The  roughening  of  the  surface  by  spines  or  knobly  protuberances, 
as  shown  at  a,  is  a very  common  feature  ; and  this  seems  to  enable 
the  pollen-grains  more  readily  to  hold  to  the  surface  Avhereon  they 
may  be  cask  Besides  these  and  other  inequalities  of  the  surface, 
most  pollen-grains  have  what  appear  to  be  pores  or  slits  in  their 
extine  (\'arying  in  number  in  different  species),  through  Avhich  the 
iutinc  protnides  itself  as  a tube,  aa’Iicii  the  bulk  of  its  contents  has 
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l>eou  increased  by  imbibition ; it  seems  probable,  liowevor,  that  the. 
oxtiue  is  not  absolutely  deficient  at  these  points,  but  is  only 
thinned-away.  Sometimes  the  pores  are  covered  by  little  disk-like 
]>ieces  or  lids,  which  fall-ofl:  when  the  pollen-tube  is  protruded. 
'L'his  action  takes  place  naturally  when  the  pollen-grains  fall  upon 
the  surface  of  the  stigma, 
wliich  is  moistened  with  a 
\fiscid  secretion ; and  the 
pollen- tubes,  at  first  mere 
protrusions  of  the  inner 
coat  of  their  cell,  insinu- 
ating themselves  be- 
tween the  loosely-packed 
cells  of  the  stigma,  grow 
downwards  through  the 
style,  sometimes  even  to 
the  length  of  several 
inches,  until  they  reach 
the  ovarium.  The  first' 
change  — namely,  the 
protrusion  of  the  inner 
membrane  through  the 
pores  of  the  exterior — 
may  be  made  to  take- 
place  artificially  by 
moistening  the  pollen 
with  water,  thin  syi'up, 
or  dilute  acids  (different 
kinds  of  pollen-grains 
requiiang  different  modes  of  treatment) ; but  the  subsequent  ex- 
tension by  growth  will  only  take  jplace  under  the  natural  conditions. 
Tly  treating  some  pollen-grains,  as  those  of  Lilinm  Jajponicmn, 
L.nOjrum,  or  L.  anrahim,  with  the  viscid  liquid  abundantly  secreted 
by  the  stigma,  not  only  may  the  extrusion  and  lengthening  of  the 
pollen-tubes  be  watched,  but  the  grains  with  their  extruded  tubes 
may  be  preserved  almost  unchanged  by  mounting  in  this  liquid. 

388.  The  darker  kinds  of  pollen  may  be  generally  rendered 
transparent  by  mounting  in  Canada  balsam  ; or,  if  it  be  desired  to 
avoid  the  use  of  heat,  in  the  Benzole  solution  of  Canada  l)alsam 
(§  205),  setting  aside  the  slide  for  a time  in  a warm  place.  For  the 
lessopaque  pollens, the  Dammar  solution  (§  168,  d)is  preferable.  The 
more  delicate  pollens,  however,  become  too  transiDarent  in  either 
of  these  media  : and  it  is  consequently  preferable  to  mount  them 
cither  dry  or  (if  they  will  bear  it  without  rupturing)  in  fluid.  The 
most  interesting  forms  are  found,  for  the  most  paid,  in  plants  of 
the  orders  Amarantacece,  Ciclwracece,  Cncurhitacem,  Malvacece,  and 
P'lssiflorccf} ; others  are  furnished  also  by  ConvolvvJns,  Cairnjto.nula, 
FcJar>innhim  (Geranium),  Folygonnm,  Sednm,  and  many 
other  plants.  It  is  frequently  preferable  to  lay-down  tho  entire 


Follen-graius  of, — .v,  Altlum  roxea ; b,  Coboia 
scande7is ; C,  J’assijloru  ccci'ulea  ; 1),  Jpomoia  pw- 
2)urm. 
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anther,  with  its  adherent  pollen-grains  (where  these  are  of  a kind 
that  hold  to  it),  as  an  opaque  object;  this  may  be  done  witli  great 
advantage  in  the  case  of  the  common  Mallow  {Malva  syloesirts)  or 
of  the  Hollyhock  {Althcea  o-osea)  ■,  the  anthers  being  picked  soon 
after  they  have  opened,  whilst  a large  proportion  of  their  pollen  is 
yet  undischarged  ; and  being  laid  down  as  flat  as  possible,  beiore 
they  have  begun  to  wither,  between  two  pieces  of  smooth  blotting- 
paper,  then  subjected  to  moderate  pressure,  and  finally  mounted 
upon  a black  surface.  They  are  then,  J^;hen  properly  illuminated,  • 


most  beautiful  objects  for  objectives  of  2-3rds,  1,  Iq,  or  -i  m,  locus, 


especially  with  the  Binocular  Microscope.* 

389.  The  structure  and  development  of  the  ovules  that  are  pro- 
duced within  the  ovarium  at  the  base  of  the  pistil,  and  the  operation 
in  which  their  fertilization  essentially  consists,  are  subjects  of  in- 
vestigation  which  have  a peculiar  interest  for  scientific  Botanists, 
but  which,  in  consequence  of  the  special  difficulties  that  attend  the 
inquiry,  are  not  commonly  regarded  as  within.the  province  of  ordi- 
nary Microscopists.— Some  general  instructions,  however,  may 
prove  useful  to  such  as  would  like  to  inform  themselves  as  to  the 
mode  in  which  the  generative  function  is  performed  in  Phanerogams. 
In  tracing  the  origin  and  early  history  of  the  ovule,  very  thin  sec- 
tions should  be  made  through  the  flower-bud,  both  _ vertically  and 
transversely ; but  when  the  ovule  is  large  and  distinct  enough  to 
be  separately  examined,  it  should  be  placed  on  the  thumb-nail  of 
the  left  hand,  and  very  thin  sections  made  with  a sharp  razor  ; the 
ovule  should  not  be  allowed  to  dry-up,  and  the  section  should  be 
removed  from  the  blade  of  the  razor  by  a wetted  camel-hair  pencil. 
The  tracing-downwards  the  pollen-tubes  through  the  tissue  of  the 
style,  may  be  accomplished  by  sections  (which,  however,  will  sel- 
dom follow  one  tube  continuously  for  any  great  part  of  its  length), 
or,  in  some  instances,  by  careful  dissection  with  neemes.  i lants 
of  the  Orchis  tribe  are  the  most  favourable  subjects  tor  this  kind 
of  investigation  ; which  is  best  carried-on  by  artificially  applying 
the  pollen  to  the  stigma  of  several  flowers,  and  then  examimng 
one  or  more  of  the  styles  daily.  “If  the  style  of  flower  of  an 
EpipacUs  (says  Schacht),  to  wliich  the  pollen  has  been  applied 
about  eight  days  previously,  be  examined  in  the  manner  above 
mentioned,  the  observer  will  be  surprised  at  the  extraordinai'> 
number  of  pollen-tubes,  and  he  will  easily  be  able  to  tra^  them 
in  large  strings,  even  as  far  as  the  ovules.  Viola_tricolor  (Hearts- 
ease) and  Bihes  nujrum  and  rubrum  (Black  and  Bed  C urrant)  are 
also  good  plants  for  the  purpose ; in  the  case  of  the  former  plant, 

» It  sometimes  Imppcus  that  when  the  pollen  of  Pines  or  INrs  is  set  free, 
larire  quantities  of  it  aro  carried  by  the  wind  to  a great  distance  from  the  u oods 
Splantations  in  which  it  has  been  produced,  md  are  deposited  as  a fine  yellm^^ 

diist^  80  strongly  resembling  Sulphur  as  to  be  easily  luistaken  foi  it.  Ites 
dust,  so  o„i.u.„v  nf'nnrivd  ill  the  iicurlibourhood 


r«'!,nnosedI  geneml  d^  (such  as  occurred  in  the  neiglibourhood 

of  Windsor  in  1879)  has  frightened  ignorant  rusti 


II  ‘ - 

^ rustics  into  the  belief  that  the ‘end 

of  tho'worid’ w^^  Its  true  nature  is  at  once  revealed  by  placing.' 

few  grains  of  it  under  the  Microscope. 
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withered  flowers  may  bo  taken,  and  branched  pollen-tubes  will  not 
imfrequently  be  met  with.”  The  entrance  of  the  pollen-tube  into 
the  imcropyle  may  be  most  easily  observed  in  Orchideous  plants 
B.na  m Euphrasia ; it  being  only  necessary  to  teai'-open  with  a 
needle  the  ovary  of  a flower  which  is  just  withering,  and  to  detach 
from  the  placenta  the  ovules,  almost  everyone  of  which  will  be 
found  to  have  a pollen-tube  sticking  in  its  micropyle.  These  ovules, 
however,  are  too  small  to  allow  of  sections  being  made,  whereby 
^e  origm  of  the  embryo  may  be  discerned  ; and  for  this  purpose, 
^iwthera  (Evenmg  Primrose)  has  been  had  recourse  to  by 
Hoffmeister,  whilst  Schacht  recommends  Lathrcea  squaniaria, 
^ particularly  JPedicularis  sylvatica. 

390.  We  have  now,  in  the  last  place,  to  notice  the  chief  points 
of  inte:^st  to  the  MicroscoiDist  which  are  furnished  by  mature 
seeds.  Many  of  the  smaller  kinds  of  these  bodies  are  very  curious, 
and  some  are  very  beautiful  objects,  when  looked-at  in  their 
^ fow  magnifying  power.  Thus  the  seed  of 
the  i oppy  (i  ig.  2/8,  a)  presents  a regular  reticulation  upon  its 

Fig.  278. 
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Soeds,  as  seen  under  a low  magnifying  power : — A,  Poppy 
n,  Amaranthus  (Prince’s  feather)  ; c,  Antirrhinum  majus  (Sn&p- 
dragon) ; d,  Caryophyllum  (Clove-pink)  j E,  Bignonia. 

surface,  pits  for  the  most  part  hexagonal  being  left  between  )5ro- 
.lecting  walls ; that  of  Garyophyllum  (d)  is  regularly  covered  with 
cunously-jagged  divisions,  every  one  of  which  has  a small  bright 
ac  hemispherical  knob  in  its  middle ; that  of  Amaranthus 
^VyocIwndinarMs  has  its  surface  traced  with  extremely  delicate 
markings  (b)  ; that  of  Antirrhinum  is  strangely  irregular  in  shape 
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(c),  and  looks  almost, like  a piece  of  furnace-slag;  and  that  of 
many  Bic/noniacece  is  remarkable  for  the  beautiful  radiated  struc- 
ture of  the  translucent  membrane  which  surrounds  it  (k).  This 
structure  is  extremely  well  seen  in  the  seed  of  the  Eccreniocarpm 
scaber,  a half-hardy  climbing  plant  now  common  in  our  gardens ; 
and  when  its  membranous  ‘ wing  ’ is  examined  under  a sufficient 
magnifying  power,  it  is  found  to  be  formed  by  an  extraordinary 
elongation  of  the  cells  of  the  seed-coat  at  the  margin  of  the  seed, 
the  side-walls  of  which  cells  (those,  namely,  which  lie  in  contact 
with  one  another)  are  thickened  so  as  to  form  radiating  ribs  for 
the  support  of  the  wing,  whilst  the  front  and  back  walls  (which 
constitute  its  membranous  surface)  retain  their  original  trans- 
parence, being  marked  only  with  an  indication  of  spiral  deposit  in 
their  interior.  In  the  seed  of  Dictyoloma  Peruviana,  besides  the 
principal  ‘ wing  ’ prolonged  from  the  edge  of  the  seed-coat,  there  is 
a series  of  successively  smaller  wings,  whose  margins  form  con- 
centric rings  over  either  surface  of  the  seed ; and  all  these  %vings 
are  formed  of  radiating  fibres  only,  composed,  as  in  the  precedmg 
case,  of  the  thickened  walls  of  ad j acent  cells ; the  intervening 
membrane,  originally  formed  by  the  front  and  back  walls  of  these 
cells,  having  disappeared,  apparently  in  consequence  of  being  unsup- 
ported by  any  secondary  deposit.*  Several  other  seeds,  as  those 
of  Splienogyne  speciosa  and  Lophospermum  eruhescens,  possess  wing- 
like appendages ; but  the  most  remarkable  development  of  these 
organs  is  said  by  Mr.  Quekett  to  exist  in  a seed  of  Calosantlm 
Indica,  an  East  Indian  plant,  in  which  the  wing  extends  more 
than  an  inch  on  either  side  of  the  seed. — Some  seeds  are  distin- 
guished by  a peculiarity  of  form,  which,  although  readily  discermble 
by  the  naked  eye,  becomes  much  more  striking  when  they  are 
viewed  under  a very  low  magnifying  power  : this  is  the  case,  for 
example,  with  the  seeds  of  the  Carrot,  whose  long  radiating  pro- 
cesses make  it  bear,  under  the  Microscope,  no  trifling  resemblance 
to  some  kinds  of  star-fish ; and  with  those  of  Gyanthus  minor, 
which  bear  about  the  same  degree  of  resemblance  to  shaving- 
brushes.  In  addition  to  the  preceding,  the  following  may  be 
mentioned  as  seeds  easily  to  be  obtained,  and  as  worth  mounting 
for  opaque  objects  : — Anagallis,  Anethum graveolens,  Begonia,  Cartm 
carui.  Coreopsis  tinctoria,  Bahira,  Delphinium,  Digitalis,  ElMhis, 
Erica,  Gentiana,  Gesnera,  Hyoscyamus,  Hypericum,  Tj^idiuvi, 
Limnocharis,  Linaria,  Lychnis,  Mesemhryanthemum,  Nicotiana, 
Origamme  onites,  Orobanche,  Petunia,  Reseda,  Saxifraga,  Scro- 
phularia,  Sedum,  Sempervivum,  Silene,  Stellaria,  Symphyinni 
asperrimum.,  and  Verbena.  The  following  may  be  mounted  a^; 
transparent  objects  in  Canada  balsam : — Drosera,  Hydrangea. 
Monotropa,  Orchis,  Parnassia,  Pyrola,  Saxifraga.f  The  seeds  ot 
Umbelliferous  plants  generally  are  remarkable  for  the  peculiar 
* See  II.  B.  Brady  in  “Transactions  of  Microsc.  Society,”  N.S.,  'Vol.  i^• 
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! i cltt(s,  or  receptjicles  for  essential  oil,  wliich  are  found  in  their  coats. 
, Various  points  of  interest  respecting  the  structure  of  the  tested  or 
f . xmvelopes  of  seeds,— such  as  the  fibre-cells  of  Cohcea  and  Gollomiu, 
If  the  stellate  cells  of  the  Star-Anise,  a.nd  the  densely-consolidated 
i f tissue  of  the  ‘ shells  ’ of  the  Goquilla-nut,  Gocoa-nut,  &c.,— having 
; 1 been  already  noticed,  we  cannot  here  stop  to  do  more  than  advei^ 
I to  the  peculiarity  of_  the  constitution  of  the  husk  of  the  Goru- 
f ' i/rains.  In  these,  as  in  other  Grasses,  the  ovary  itself  continues  to 
i; ! envelope  the  seed,  giving  a covering  to  it  that  surrounds  its  own 
; !■  testa,  and  closely  adheres  to  it.  The  ‘ bran’  detached  in  grinding 
( I consists  not  only  of  these  two  coats,  but  also  (as  the  Microscope 
reveals)  of  an  outer  layer  of  the  grain  itself,  formed  of  hexagonal 
cells  disposed  Avith  great  regularity.  As  these  are  filled  with 
ijluten,  the  removal  of  this  layer  takes  away  one  of  the  most  nutri- 

Itious  parts  of  the  grain ; and  it  is  most  desirable,  therefore,  that 
only  the  t\vo  outer  indigestible  coats  should  be  detached  by  the 
’ decorticating’  process  deAused  for  the  purpose.  The  hexagonal 
ceU-layer  is  so  little  altered  by  a high  temperature,  as  still  to  be 
readily  distinguishable . when  the  grain  has  been  ground  after 
roasting,  thus  enabling  the  Microscopist  to  detect  even  a small 
admixture  of  roasted  Com  with  Coffee  or  Chicory,  without  the 
' least  difficulty.* 

■ u ^ which  the  Author  was  c.alled-upon  to  make  such  an  investi- 

> jUion,  he  found  as  many  as  thirty  distinctly-recognizable  fragments  of  this 

*;ellular  envelope,  in  a sinyle  grain  of  a mixture  consi.stiug  of  Chicory  with 
: >uly  6 per  cent,  of  roasted  Con). 
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>1  the  development  of  generative  and  otlier  organs  between  tliem. 
I But  in  all  Classes  above  the  Coelenterates,  the  primitive  stomach 
has  only  a transitory  existence,  being  superseded  by  the  pei-ma- 
I nent  structures  that  have  their  origin  in  its  walls. — Thus  the 
I whole  ALuimal  Kingdom  may  be  divided,  in  the  first  place,  into  the 
j Protozoa,  which  are  either  single  cells,  or  aggregates  of  similar 
i cells  corresponding  to  the  morula-stsige  of  higher  types  ; and  the 
j Metazoa,  in  which  the  morula  takes-on  the  condition  of  an 
I individualized  organism,  the  life  of  every  part  of  which  contributes 
' to  the  general  life  of  the  whole. 

I 392.  The  lowest  of  the  Protozoa,  however,  like  the  simplest 
; : Protophytes,  do  not  even  attain  the  rank  of  a true  cell, — under- 
! standing  by  that  designation  a definite  protoplasmic  unit,  limited 
U fey  a cell-wall,  and  containing  a ‘ nucleus.’  For  they  consist  of 
i particles  of  protoplasm,  termed  (‘  cytodes’  or  ‘ plastids’)  of  in- 
>;  definite  extent,  which  have  neither  cell- wall  nor  nucleus,  but  which 
; . yet  take-in  and  digest  food,  convert  it  into  the  material  of  their  own 
p bodies,  cast  out  the  indigestible  portions,  and  reproduce  their  kind, 
.'.with  the  regularity  and  completeness  that  we  have  been  accustomed 
t to  regard  as  characteristic  of  higher  Animals.  Between  some  of 
i these  Monerozoa  (as  they  have  been  designated  by  Prof.  Haeckel, 
«who  first  drew  attention  to  them)  and  the  Myxomycetes  (§  222)  or 
‘ ^be.  Ghlamidomyxis  (§  324)  already  described,  no  definite  line  of 
i division  can  be  drawn ; the  only  justification  for  the  separation 
there  adopted  being  that  the  affinities  of  the  former  seem  to  be 
r rather  with  the  lowest  forms  of  Vegetation,  whilst  the  whole  lil'e- 
i!  history  of  the  types  now  to  be  described,  and  the  connected  grada- 
t tion  by  which  they  pass  into  undoubted  Rhizopods,  leave  no  doubt 
^ of  their  claim  to  a place  in  the  Animal  Kingdom. 

Monerozoa. 

j 393.  A characteristic  example  of  this  lowest  Protozoic  type  is  pre- 
? sented  by  the  Protomyxa  aurantiaca  (Fig.  279),  a marine  ‘ Moner’ 
of  an  orange-red  colour,  found  by  Professor  Haeckel  upon  dead 
^ shells  of  Spirula  near  the  Canary  Islands,  In  its  active  state  it 
has  the  stellar  form  shown  at  F ; its  arborescent  extensions  dividing 
I;  and  inosculating  so  as  to  form  a constantly  changing  network  of 
I protoplasmic  threads,  along  which  stream  in  all  directions  orange- 
■ granules  obviously  belonging  to  the  body  itself,  together  with 
foreim  organisms  (&,  c)  — such  as  marine  Diatoms,  Radiolarians, 
and  Infusoria, — which,  having  been  entrapped  in  the  pseudopodial 
network,  are  carried  by  the  protoplasmic  stream  into  the  central 
mass,  where  the  nutrient  matter  of  their  bodies  is  extracted,  the 
hard  skeletons  being  cast  out.  Neither  nucleus  nor  contractile 
vesicle  is  to  be  discerned ; but  numerous  floating  and  inconstant 
vacuoles  («.)  are  dispersed  through  the  substance  of  the  body. — After 
a time,  the  currents  become  slower ; the  ramified  extensions  arc 
> gradually  drawn  inwards ; and,  after  ejecting  any  indigestible 
'■  particles  it  may  still  include,  the  body  takes  the  form  of  an  orange- 


470 


MICROSCOPIC  FORMS  OF  ANIMAL  LIFE. 


rod  sphere,  round  which  a cyst  soon  i'orms  itself,  as  shown  at  a. 
•After  a period  of  quiescence,  the  protoplasmic  substance  retreat«» 
from  the  interior  of  the  cyst,  aud  breahs  up  into  a number  of  smaUf 
spheres  (b),  which,  at  first  inactive,  soon  begin  to  move  within  thetj 
cyst,  and  change  their  shape- to  that  of  a pear  with  the  small  end 
drawn  out  to  a point.  The  cyst  then  bursts,  and  the  red  pear- 

Fig.  27D. 


Protomyxa  aurantiaca: — A,  encysted  statosporo;  n,  incipient  foiniation  ( 
%varm-spores,  shown  at  c escaping  from  the  cyst,  at  n swimminE:  freely  b 
heir  flagellate  appendages,  and  at  E creeping  in  the  amoeboid  couditiou 
, fully-developed  reticulate  organism,  showing  numerous  vacuoles,  a,  au 
aptured  prey,  b,  c. 


shaped  bodies  issue  forth  into  the  water  (c),  moving  freely  abo 
the  vibrations  ol  flagella  formed  by  the  drawing-out  of  their 
ends,— just  as  do  the  flagellated  zoospores  of  Protophytes  (§ 
These  bodies,  being  without  trace  of  either  nucleus,  _ 
vesicle,  or  cell-wall,  are  to  be  accounted  as  particles  of  sunpl 
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homogeneous  protoplasm,  to  which  the  designation  ijlasUchdes  has 
been  appropriately  given.  After  about  a day  the  motions  cease ; 
the  flagella  are  drawn  in,  and  the  plastidules  take  the  form  and 
lead  the  life  of  AmcBhce  (§  403),  putting  forth  inconstant  pseudo- 
podial  processes,  and  engulfing  nutrient  particles  in  their  sub- 
stance (d).  Two  of  more  of  these  ammbiform  bodies  unite  to  form 
a ‘plasmodium  (as  in  the  Myxomycetes,  § 222);  its  pseudopodial 
extensions  send  out  branches  which  inosculate  to  form  a network  ; 
and  the  body  grows,  by  the  ingestion  of  nutriment,  to  the  size  of 
the  original. — In  this  cycle  of  change  there  seems  no  intervention 
of  a generative  act,  the  coalescence  of  the  amoebiform  plastidules 
having  none  of  the  characters  of  a true  ‘ conjugation.’  But  it  is  by 
no  means  improbable  that  after  a long  course  of  multiplication  by 
successive  subdivisions,  a sexual  act  of  some  kind  may  intervene. 

394_.  Another  very  interesting  ‘ moneric’  type  is,  the  Vampyrella; 
of  wHch  one  form  (Fig.  280,  b)  has  long  been  known  in  its  encysted 
condition  as  a minute  brick-red  sphere  attached  to  the  filaments  of 

Fio.  280. 


^ ampyrella  gpirof/yrm,  fis  aeon  sit  A sucking-out  contents  ol  Sirirogyra-ccU  ; 
I*  ®f>f‘y8ted  condition,  tho  cyst  o enclosing  granuliir  protoplasm  6 ; ate, 
'livision  of  contents  of  cyst  into  totraspores,  of  which  one  is  escaping  in  the 
aiuneboid  condition,  to  develop  itself  into  tho  adult  form  shown  at  r>. 
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tlie  Conjugate  Spirogyra ; whilst  another  (Fig.  281,  a,  a)  similarly 
attaches  itself  to  the  branches  of  Gomplionema  (§  294).  The  walls  || 
of  the  cysts  are  composed  of  two  membranes  ; of  which  the  interior  j 

gives  the  characteristic  reaction  of  cellulose,  whilst  the  softer’  J 

external  layer  is  nitrogenous.  After  remaining  some  time  in  the 
quiescent  condition,  the  encysted  protoplasm  breaks  up  into  two  or 
lour  ‘ tetraspores’  (Fig.  281,  h,  d);  these  escape  by  openings  in  the 
cyst  (Fig.  280,  c) ; and  soon  take  the  sj^heric^  form,  emitting  very 
.slender  pseudopodial  filaments  (Figs.  280,  n,  281,  b)  like  those  of 
an  Actinophrys,  but  possessing  neither  nucleus  nor  contractile 
vesicle.  In  this  condition  they  show  great  activity ; moving  about  ■ 
in  search  of  the  special  nutriment  they  require,  drawing  themselves  !' 
out  in  strings  and  fine  filaments  which  tear  asunder  and  again 
unite  to  send  off  branches  and  form  fine  fan-like  expansions,  and 
these  occasionally  contracting  again  into  minute  spheres.  When 
the  V.  spirogyrcB  is  watched  in  water  containing  some  filaments  of 
Spirogyra,  it  may  be  seen  to  wander  until  it  meets  one  of  these 
filaments,  to  which,  if  it  be  healthy  and  loaded  with  chlorophyll,  it 
attaches  itself.  It  soon  begins  to  perforate  the  wall  of  the  filament; 
and  when  the  interior  of  this  has  been  reached,  its  endoplasm, 
carrying  with  it  the  chlorophyll-granules  it  includes,  passes  slowly  | 
into  the  body  of  the  Varnpyrella.  In  this  manner,  cell  after  ceU  is  | 
emptied  of  its  contents ; and  the  plunderer,  satiated  with  food, 
resumes  its  quiescent  spherical  form  to  digest  it.  The  chlorophyll 
granules  which  it  has  ingested  become  diffused  through  the  body, 
but  gradually  cease  to  be  distinguishable,  the  protoplasmic  mass 
assuming  a brick-red  colour.  The  first  layer  it  exudes  to  form  its 
cyst  is  the  outer  or  nitrogenous  investment,  within  which  the 
cellulose  layer  is  afterwards  formed. — The  V.  gomphonemcdis  in  like 
manner  creeps  over  the  stems  and  branches  of  the  Gomplionema 
(Fig.  281,  e),  adapting  itself  to  the  form  of  its  support;  and  as  , 
soon  as  it  has  reached  one  of  the  terminal  siliceous  cells  of  the  | 
Diatom,  it  extends  itself  over  it  so  as  completely  to  envelop  the  | 
ceU  in  a thin  layer  of  protoplasm.  From  the  surface  of  this,  a 
number  of  fine  pseudopodia  radiate  into  the  surrounding  water 
(/) ; whilst  another  portion  of  the  protoplasm  finds  its  way  between 
the  two  siliceous  valves  into  the  interior,  and  appropriates  its  con-  I 
tents.  The  valves,  when  emptied,  break  off  from  their  support,  ' 
and  are  cast  out  of  the  body  of  the  Vampyrella,  which  soon  proceeds 
to  another  Gomphonema-ceU  and  plunders  it  in  the  same  manner.  ; 
After  thus  ingesting  the  nutriment  furnished  by  several  ceUs,  and 
acquiring  its  full  size,  it  passes,  like  V.  spyrogyroa,  into  the  encysted  | 
condition,  to  recommence — after  a period  of  quiescence — the  same  j 
cycle  of  change.  ... 

395.  Intermediate  between  the  foregoing  and  the  ‘ reticularis  j 
Ehizopods  to  be  presently  described,  is  another  simple  Protozobn 
discovered  in  ponds  in  Germany  by  M.M.  Claparede  and  Lachmann,  1 
and  named  by  them  Liiberhulinia  Wagenei'i.*  The  whole  substance 
• “Etudes  6ur  los  Infmoircs  ct  Ics  Rliizopodes Geneva,  1850-1861.  The 
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Fig.  281. 


Vampyrella  gomphonematis : — A,  colony  of  Gomphonema  attacked  by  Vam- 
pyrellcB ; a,  encysted  state ; b,  b,  cysts  ■with  contents  breaking-up  into  tetra- 
spores,  d,  d,  seen  escaping  ate,-  at  / is  shown  a Vampt/rella  sucking-out 

tho  emptied  frustules  of  which,  j/,  h,  are  cast 
rortn : b,  isolated  V ampyrella,  creeping  about  by  its  extended  pseudopodia. 


Lieberkiihnia,  given  by  M.  Claparfede,  has  been  reproduced  by 
A "Lj  Plate  1 of  his  “ Introduction  to  the  Study  of  the  Foraminifera. — 

A lihizopod  of  the  same  typo  has  been  discovered  by  Mr.  Siddall  (of  Chester)  in 
.'fea-water  from  the  North  and  South  Coasts  of  Wales,  which  lie  regards  as 
spemlly  identical  with  L.  Wagnieri  (“  Quart.  Microsc.  Journ.”  N.S.,  Vol.  xx., 
p.  l-'M),  but  which  the  Author  (who  has  groat  conlideuce  in  the  accuracy  of  the 
excellent  observers  by  whom  the  latter  was  described)  must  regard  as  differen- 
lated  from  it  (1)  by  the  existence  of  a pellucid  flexible  investment  (foroshadow- 


il 
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of  the  body  of  this  animal  and  its  pseudopodial  extensions  (Fig.  282) 
is  composed  of  a homogeneous,  semifluid,  granular  protoplasm; 

the  particles  of  which,  when 
Fig.  282.  the  animal  is  in  a state  of 

activity,  are  continually 
performing  a circulatory 
movement,  which  may  be 
likened  to  the  rotation  of 
the  particles  in  the  proto- 
plasmic network  witmn  the 
cell  of  a Tradescantia 
(§  355).  It  is  a marked  pe- 
culiarity of  the  pseudopo- 
dial extension  of  this  type, 
that  it  does  not  take  place 
by  radiation  from  all  parts  of 
the  body  indifferently ; but 
that  it  proceeds  entirely! rom 
a sort  of  trunk  that,  soon 
divides  into  branches, which, 
again,  speedily  multiply  by 
further  subdivision,  until 
at  last  a multitude  of  finer 
and  yet  finer  tlixeads  are 
spun-out,  by  whose  con- 
tinual inosculations  a com- 
plicated network  is  pro- 
duced, which  may  be  likened 
to  an  animated  Spider’s  web. 
The  entire  absence  of  anything  like  a membranous  envelope  is  clearly 
evidenced  by  the  readiness  with  which  the  subdivision  and  the 
coalescence  of  the  pseudopodia  alike  take  place.  Any  small  ah- 
meutary  particles  that  may  come  into  contact  with  the  glutinous 
surface  of  the  pseudopodia,  are  retained  in  adhesion  by  it,  and 
speedily  partake  of  the  general  movement  going-on  in  their  sub- 
stance. This  movement  takes  place  in  two  principal  directions  ; 
from  the  body  towards  the  extremities  of  the  pseudopodia,  and 
h-om  these  extremities  back  to  the  body  again.  In  the  larger 
branches  a double  current  may  be  seen,  two  streams  passmg 
at  the  same  time  in  opposite  directions  ; but  iu  the  finest  filaments 
the  current  is  single,  and  a granule  may  be  seen  to  move  in  one  of 
them  to  its  very  extremity,  and  then  to  return,  perhaps  meeting 
and  caiTying  back  with  it  a granule  that  was  seen  advancing  m 
the  opposite  direction.  Even  in  the  broader  processes,  granules 
are  sometimes  observed  to  come  to  a stand,  to  oscillate  for  a time, 

iiig  the  ‘test’ of  Gromia),  having  a definite  orifice  bordered  by  four  infolded 
lips,  through  -vvliich  the  sarcodic  trunk  isaue.s  forth ; and  (2)  by  tlie  presence  of 
a number  of  highly  refractive,  short,  rod-like  S2)iculcs,  set  at  various  angles  on 
the  external  siulacc. 
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and  then  to  take  a retrograde  course,  as  if  they  had  been  entangled 
in  the  opposing  current, — just  as  is  often  to  be  seen  in  Ghara. 
When  a granule  arrives  at  a point  where  a filament  bifurcates,  it  is 
often  arrested  for  a time,  untd  drawn  into  one  or  the  other  current ; 
and  when  carried  across  one  of  the  bridge-like  connections  into 
a different  band,  it  not  unfrequently  meets  a current  proceeding 
in  the  opposite  direction,  and  is  thus  carried  back  to  the  body  with- 
out having  proceeded  very  far  from  it.  The  pseudopodial  network 
along  which  this  ‘ cyclosis  ’ takes  place,  is  continually  undergoing- 
changes  in  its  own  arrangement ; new  filaments  being  put  forth  in 
different  directions,  sometimes  from  its  margin,  sometimes  from 
the  midst  of  its  ramifications,  whilst  others  are  retracted.  Not 
unfrequently  it  happens  that  to  a spot  where  two  or  more  filaments 
have  met,  there  is  an  afflux  of  the  protoplasmic  substance  that 
causes  it  to  accumulate  there  as  a sort  of  secondary  centre,  from 
which  a new  radiation  of  filamentous  processes  takes  place.  Occa- 
sionally the  pseudopodia  are  entirely  retracted,  and  all  activity 
ceases ; so  that  the  body  presents  the  appearance  of  an  inert  lump. 
But  if  watched  sufficiently  long,  its  activity  is  resumed  ; so  that  it 
may  be  presumed  to  have  been  previously  satiated  with  food,  which 
is  undergoing  digestion  during  its  stationary  period.  No  encysting 
process  has  been  noticed  in  lAeberlculmia ; and  the  manner  in  which 
this  type  reproduces  itself  is  at  present  entirely  unknown.  As  the 
marine  type  of  it  occurs  on  our  own  coasts,  the  fresh-water  type 
may  very  likely  be  found  in  our  ponds  ; and  either  may  be  recom- 
mended as  a most  worthy  object  of  careful  study. 

Khizopoda. 

896.  Wo  now  arrive  at  the  grouj)  of  Rhkoj)ods,  or  ‘ root- footed’ 
animals,  first  established  by  Dujardin  for  the  reception  of  the 
Amoeba  (§  403)  and  its  allies,  which  had  been  included  by  Prof. 
Ehrenberg  among  his  Infusory  Animalcules,  but  which  Dujardin 
separated  from  them  as  being  mere  loarticles  of  sarcode  (protoplasm), 
having  neither  the  definite  body-wall  nor  the  special  mouth  of  the 
true  Infusoria,  but  putting  forth  extensions  of  their  sarcodic  sub- 
stance, which  he  termed  pseudopodia  (or  false  feet),  serving  alike 
as  instruments  of  locomotion,  and  as  prehensile  organs  for 
obtaining  food.  According  to  Dujardin’s  definition  of  this  group, 
the  Monerozoa  already  described  would  be  inclrided  in  it ; but  it 
seems  on  various  grounds  desirable  to  limit  the  term  EMzopoda  to 
those  Protozoa  in  which  the  presence  of  a nucleus,  the  differentia- 
tion of  an  edosarc  (or  firmer  superficial  layer  of  protoplasm)  from 
the  semi-fluid  endosarc,  together  with  the  more  definite  form  and 
restricted  size,  indicate  a distinct  approach  to  the  condition  of  true 
cells. — Many  (iifierent schemes  for  the  classification  of  the  E-hizopods 
have  been  proposed ; but  none  of  them  can  be  regarded  as  entirely 
satisfactory,  our  knowledge  of  the  Keproductivo  processes,  and  of 
other  important  parts  of  the  life-history  of  these  creatures,  being 
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still  extremely  imperfect.  And  as  some  parts  of  the  scheme  pro- 
posed by  the  Author  twenty  years  ago,*  based  on  the  characters  of 
the  pseudopodial  extensions,  have  been  accepted  by  more  recent 
systematists,  he  thinks  it  best  still  to  adhere  to  it,  as  seeming  to 
mm  to  be  on  the  whole  most  natural. 

I.  In  the  First  division,  Beticularia,  the  pseudopodia  freely 
ramify  and  inosculate,  so  as  to  form  a network,  exactly  as  in 
lAeherhiihnia  ; from  which  they  are  distinguished  by  the  possession 
of  a nucleus,  and  by  the  investment  of  their  sarcodic  bodies  in  a 
firm  envelope.  This  is  most  commonly  either  a calcareous  shell  of 
very  definite  shape,  or  a test  built  up  of  sand- grains  or  other  minute 
particles  more  or  less  firmly  united  by  a calcareous  cement  exuded 
from  the  sarcodic  body.  These  testaceous  forms,  which  are 
exclusively  marine,  constitiite  the  group  of  Foraminifera ; whose 
special  interest  to  the  Microscopist  entitles  it  to  separate  considera- 
tion (Chap.  XII.).  And  it  is  only  for  convenience,  that  two 
Reticularia  which  inhabit  fresh  water  also,  and  the  envelopes  of 
whose  bodies  are  usually  membranous,  are  here  separated  from 
the  Foraminifera  (to  which  they  properly  belong)  for  descrip- 
tion as  types  of  the  group.  The  Beticularia  have  little  locomotive 
power,  and  only  seem  to  exercise  it  to  find  a suitable  situation  for 
their  attachment ; the  capture  of  their  food  being  effected  by  their 
pseudopodial  network. 

II.  The  Second  division,  Heliozoa,f  consists  of  the  Ehizopods 
whose  pseudopodia  extend  themselves  as  straight  radiating  rods, 
having  little  or  no  tendency  to  subdivide  or  ramify,  though  they 
are  still  sufficiently  soft  and  homogeneous  (at  least  in  the  lower 
types,  § 399),  to  coalesce  when  they  come  into  contact  with  each 
other.  These  have  usually  (probably  always)  a contractile  vesicle 
as  well  as  a nucleus;  and  the  higher  forms  of  them  are  characterized 
by  the  enclosure  of  peculiar  yellow  corpuscles  (whose  import  is 
unknown)  in  the  substance  of  their  endosarc.  By  far  the 
larger  number  of  this  group  also  have  skeletons  of  Mineral  matter, 
wliich  are  always  siliceous ; and  these  are  sometimes  perforated 
casings  of  great  regularity  of  fonn,  as  in  the  marine  Polycystina ; 
sometimes  internal  frameworks  of  marvellous  symmetry,  as  in  the 
marine  Badiolaria.  These  two  groups,  also,  will  be  reserved  for 
special  notice  (Chap,  xii.) ; the  simple  Heliozoa  which  are  among 
the  commonest  inhabitants  of  fresh  water,  fumishing  the  best  illus- 
trations of  the  essential  characters  of  the  type.  They  seem  for 
the  most  part  to  have  but  little  locomotive  power,  capturing  their 
prey  by  their  extended  pseudopodia. 

III.  The  Third  group,  Lohosa,  contains  the  Rhizopods  which  most 

* “ Natural  History  Review,”  18G1,  p.  456 ; and  “ Introduction  to  the  Study 
of  the  Foraminifera"  (1862),  Chap.  ii. 

f To  this  group  the  Author  formerly  extended  the  name  Radiolaria  given 
by  Muller  to  one  section  of  it;  but  ho  now  thinks  it  preferable  to  employ  the 
general  term  Heliozoa  given  to  it  by  llertwig  and  Lesser,  restricting  the 
term  Radiolaria  to  the  group  to  which  it  was  originally  applied. 
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nearly  approach  the  condition  of  true  Cells,  in  the  differentiation  of 
their  almost  membranous  ectosarc  and  their  almost  liquid  endosarc, 
and  in  the  non-coalescence  of  their  pseudopodial  extensions,  which, 
instead  of  being  either  thread-like  or  rod-like,  are  lohate,  that  is, 
irregular  projections  of  the  body,  including  both  ectosarc  and 
endosarc,  which  are  continually  undergoing  change  both  in  form 
and  number.  The  Lohosa  are  comparatively  active  in  their  habits, 
moving  freely  about  in  search  of  food,  which  is  still  received  into 
the  substance  of  their  bodies  through  any  part  of  their  surface, — 
unless  this  is  enclosed  in  envelopes,  such  as  are  formed  by  many  of 
them,  either  by  exudation  from  the  surface  of  their  bodies  of  some 
material  (probably  chitinous)  which  hardens  into  a membrane,  or  by 
aggregating  and  uniting  grains  of  sand  or  other  small  solid  jiar- 
tiefes,  which  they  build  up  into  ‘ tests.’  A large  proportion  of  them 
are  inhabitants  of  fresh  water,  and  some  are  even  found  in  damp 
earth. 

397.  Beiiatlaria.— This  type  is  very  characteristically  represented 
by  the  genus  Qromia  (Fig.  283) ; some  of  whose  species  are  marine, 
and  are  found,  like  ordinary  Foraminifera,  among  tufts  of  Corallines, 
Algte,  &c. ; whilst  others  inhabit  fresh  water,  adhering  to  Confervse 
and  other  Plants  of  running  streams.  It  was  in  this  type,  that  the 
presence  of  a nucleus,  formerly  supposed  to  be  wanting  in  Reti- 
cularia  generally,  was  first  established  by  Dr.  WaUich.  The 
sarcode-body  of  tMs  animal  is  encased  in  an  egg-shaped,  brownish- 
yellow,  chitinous  envelope,  which  may  attain  a diameter  of  from 
l-12th  to  1-lOth  of  an  inch,  looking  to  the  naked  eye  po  like  the  egg 
of  a Zoophyte  or  the  seed  of  an  aquatic  Plant,  that  its  real  nature 
would  not  be  suspected  as  long  as  it  remains  quiescent.  The  ‘ test’ 
has  a single  round  orifice,  from  which,  when  the  animal  is  in  a 
state  of  activity,  the  sarcodic  substance  streams  forth,  speedily  giving 
off  ramifying  extensions,  which,  by  further  ramification  and  inoscu- 
lation, form  a network  like  that  of  Lieberkuhnia.  But  the  sarcode 
also  extends  itself  so  as  to  form  a continuous  layer  over  the  whole 
exterior  of  the  ‘ test and  from  any  part  of  this  layer  fresh  pseudo- 
podia may  be  given  off.  By  the  alternate  extension  and  contrac- 
tion of  these,  minute  Protophytes  and  Protozoa  are  entrapped  and 
drawn  into  the  interior  of  the  test,  where  their  nutritive  material 
is  extracted  and  assimilated ; and  if  the  ‘ test  ’ (as  happens  in  some 
species)  be  sufficiently  transparent,  the  indigestible  hard  parts 
{such  as  the  siliceous  valves  of  Diatoms,  shown  in  Fig.  383)  may  be 
distinguished  in  the  midst  of  the  sarcodic  substance.  By  the  same 
agency,  the  Gh’omia  sometimes  creeps  up  the  sides  of  a glass  vessel. 
In  the  intervals  of  quiescence,  on  the  other  hand,  the  whole  sarcodic 
body,  except  a film  that  serves  for  the  attachment  of  the  test,  is 
withdrawn  into  its  interior. 

398.  Another  example  of  the  Reticularian  group  is  afforded  by  the 
curious  little  Microrfromia  socialis  (Fig.  284),  first  discovered  by  Mr. 
Archer,  and  further  investigated  with  great  care  by  Hertwig  which 

* ‘ Uober  Microgromia\  ia  “ Archiv  fUr  Milcr,  Anat./'  Bd.  x.,  Supplonient. 
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lias  the  curious  habit  of  uniting  with  neighbouring  individuals,  by  the 
fusion  of  the  pseudopodia,  into  a common  ‘ colony the  individuals 
sometimes  remaining  at  a distance  from  one  another  as  at  a,  but 
sometimes  aggregating  themselves  into  compact  masses  as  at  n. 
The  nearly  globiilar  thin  calcareous  shell  is  prolonged  into  a short 


Fig.  283. 


aroma  ovijbrmis,  with  its  pseudopodia  extended. 

neck  having  a circular  orifice,  from  which  the  sarcode-body  extends 
itself,  giving  off  very  slender  pseudopodia  which  radiate  in  all 
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ilirections.  A distinct  nucleus  can  be  seen  in  the  deepest  part  of  the 
cavity ; wliile  a contractile  vesicle  lies  imbedded  in  the  sarcodic  sub- 
stance nearer  the  mouth.  Multiplication  by  duphcative  subdivision 

Fig.  284, 


Microyromia  socialis : — A,  colony  of  individiifils  in  extended  state,  some  of 
them  undergoing  transverse  lission  ; n,  colony  of  individuals  (some,  of  them 
separated  from  the  principal  nias.s)  in  compact  state  j c,  n,  formation  and  escape 
of  swarm-spore,  seen  free  .at  E. 
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lias  been  distinctly  observed  in  this  type ; but  with  a peculiar 
departure  from  the  usual  method.  A transverse  constriction 
divides  the  body  into  two  halves — as  shown  in  two  individuals 
of  colony  a, — each  half  possessing  its  own  nucleus  and  c-ontractile 
vesicle;  the  posterior  segment,  which  at  first  lies  free  at  the 
bottom  of  the  cell,  then  presses  forwards  towards  its  orifice,  as 
shown  at  c,  and  finally,  by  amoeboid  movements,  escapes  from 
it,  sometimes  stretching  itself  out  like  a worm  (as  seen  at  d), 
sometimes  contracting  itself  into  a globe,  and  sometimes  spreading 
itself  out  irregularly  over  the  pseudopodia  of  the  colony.  But  it 
finally  gathers  itself  together  and  takes  an  oval  form ; and  either 
develops  a pair  of  flagella,  and  forsakes  the  colony  as  a free  swim- 
ming Monad  (§  416),  or  assumes  the  form  of  an  Adinoplirys, 
moving  about  by  three  or  four  pointed  pseudopodia,— probably  in 
each  case  coming  after  a time  to  rest,  excreting  a shell,  and  laying 
the  foundation  of  a new  colony.  There  is  reason  to  think  that  a 
multiplication  by  longitudinal  fission  also  takes  place,  in  which 
the  escaping  segment  and  the  one  left  behind  in  the  old  shell 
remain  attached  by  their  pseudopodia,  and  the  fonner  develops  a 
new  shell  without  undergoing  any  change  of  condition. 

399.  Seliozoa. — The  Actino'plirys  sol,  sometimes  termed  the  ‘sun- 
animalcule’  (Pig.  285),  is  one  of  the  commonest  examples  of  this 
group;  being  of  ten  met- with  in  lakes,  ponds,  and  streams,  amongst 
ConfervEe  and  other  aquatic  plants,  as  a whitish-grey  spherical  par- 
ticle distinguishable  by  the  naked  eye,  from  which  (when  it  is  brought 
under  a sufficient  ma^ifying  power)  a number  of  vei7  pellucid, 
slender,  pointed  rods  are  seen  to  radiate.  The  central  portion  of 
the  body  is  composed  of  homogeneous  sarcode,  enclosing  a distinct 
nucleus  with  a large  nucleolus  (as  in  Pig.  287,  if);  but  the  peripheral 
part  has  a ‘ vesicular’  aspect,  as  in  the  tyj^e  next  to  be  described 
(Pig.  286).  This  appearance  is  due  to  the  number  of  ‘ vacuoles’ 
filled  with  a watery  fluid,  which  are  included  in  the  sarcodic  sub- 
stance, and  which  may  be  artificially  made  either  to  coalesce  into 
larger  ones,  or  to  subdivide  into  smaller.  A ‘contractile  vesicle, 
pulsating  rhythmically  with  considerable  regularity,  is  always  to 
be  distinguished,  either  in  the  midst  of  the  sarcode-body,  or  (more 
commonly)  at  or  near  its  surface ; and  it  sometimes  projects  con- 
siderably from  this,  in  the  form  of  a flattened  sacculus  with  a deli- 
cate membranous  wall,  as  shown  at  o.  The  cavity  of  this  sacculus 
is  not  closed  externally,  but  communicates  with  the  surrounding 
medium  ; not,  however,  by  any  distinct  and  permanent  orifice,  the 
membraiiiforin.  wall  giving'  way  wIigh  tliG  vesicle  contracts,  and 
then  closing-over  again.  This  alternating  action  seems  to  serve  a 
respiratory  purpose,  the  water  thus  takon-in  and  expelled  being 
distributed  through  a system  of  channels  and  vacuoles  excavated 
in  the  substance  of  the  body ; some  of  the  vacuoles  which  are 
nearest  the  surface  being  observed  to  undergo  distension  when  the 
vesicle  contracts,  and  to  empty  thomselves  gradually  as  it  re-Wls. 
The  body  of  this  animal  is  nearly  motionless,  but  it  is  supplied  witn 
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nourishment  by  the  instrumentality  of  its  pseudopodia ; its  food 
being  derived  not  merely  from  Vegetable  particles,  but  from  various 

Fig.  28o. 


Actinoplmjs  sol,  in  different  states  : — A,  in  its  ordinary  sun- 
like fonn,  with  a prominent  contractile  vesicle  o ; B,  in  the 
act  of  division  or  of  conjugation,  with  two  contractile  vesicles 
o,  0 ; c,  in  the  act  of  feeding ; n,  in  the  act  of  discharging 
fffical  (?)  matters,  a and  b. 

small  Animals,  some  of  them  (as  the  young  of  Entomostraca) 
possessing  great  activity  as  well  as  a comparatively  high  organiza- 
tion. When  one  of  these  happens  to  come  into  contact  with  one  of 
the  pseudopodia  (which  have  firm  axis-filaments  clothed  with  a 
granular  sarcode),  this  usually  retains  it  by  adhesion;  but  the 
mode  in  which  the  particle  thus  taken  captive  is  introduced  into  the 
body,  differs  according  to  circumstances.  If  the  prey  is  large 
and  vigorous  enough  to  struggle  to  escape  from  its  entanglement, 
it  may  usually  be  observed  that  the  neighbouring  pseudopodia  bend 
over  and  apply  themselves  to  it,  so  as  to  assist  in  holding  it  captive, 

I and  that  it  is  slowly  drawn  by  their  joint  retraction  towards  the 
body  of  its  captor.  Any  small  particle  not  capable  of  offering 
active  resistance,  on  the  other  hand,  may  be  seen  after  a little  time 
to  glide  towards  the  central  body  along  the  edge  of  the  pseudo- 
podium,  without  any  visible  movement  of  the  latter,  much  in  the 
same  manner  as  in  Gromia.  When  in  either  of  these  modes  the 
food  has  been  brought  to  the  surface  of  the  body,  this  sends  over 
it  on  either  side  a prolongation  of  its  own  sarcode-substance ; and 
thus  a marked  prominence  is  formed  (Fig.  285,  c),  which  gradually 
subsides  as  the  food  is  drawn  more  completely  into  the  interior. 
The  straggles  of  the  larger  Animals,  and  the  ciliary  action  of 
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Infusoria  and  Rotifera,  may  sometimes  be  observed  to  continue 
even  after  they  have  been  thus  received  into  the  body  ; but  thesf^ 
movements  at  last  cease,  and  the  process  of  digestion  begins.  The 
alimentary  substance  is  received  into  one  of  the  vacuoles  of  the 
endosarc  (Fig.  287,  f),  where  it  lies  in  the  first  instance  surrounded, 
by  liquid ; and  its  nutritive  portion  is  gradually  converted  into  an 
undistinguishable  gelatinous  mass,  which  becomes  incorporated 
with  the  material  of  the  sarcode-body,  as  may  be  seen  by  the  general 
diffusion  of  any  colouring  particles  it  may  contain.  Several 
vacuoles  may  be  thus  occupied  at  one  time  by  alimentary  particles; 
frequently  four  to  eight  are  thus  distinguishable,  and  occasionally 
ten  or  twelve;  Ehrenberg,  in  one  instance,  counted  as  many 
as  sixteen,  which  he  described  as  multiple  stomachs.  _ Whilst 
the  digestive  process,  which  usually  occupies  some  hours,  is  going 
on,  a kind  of  slow  circulation  takes  jdace  in  the  entire  mass  of  the 
endosarc  with  its  included  vacuoles.  If,  as  often  happens,  the  body 
taken-in  as  food  possesses  some  hard  indigestible  portion  (as  the 
shell  of  an  Entomostracan  or  Rotifer),  this,  after  the  digestion  of 
the  soft  parts,  is  gradually  pushed  towards  the  surface,  and  is 
thence  extruded  by  a process  exactly  the  converse  of  that  by  which 
it  was  drawn  in.  If  the  particle  be  large,  it  usually  escapes  at  once 
by  an  opening  which  (like  the  mouth)  extemporizes  itself  for  the 
occasion  (n) ; but  if  small,  it  sometimes  ghdes  along  a pseudopodium 
from  its  base  to  its  point,  and  escapes  from  its  extremity. 

400.  The  ordinary  mode  of  Reproduction  in  Actinophrys  seems 
to  be  by  binary  subdivision : its  spherical  body  showing  an  annular 
constriction,  which  gradually  deepens  so  as  to  separate  its  two  halves 
by  a sort  of  hour-glass  contraction ; and  the  connecting  band 
becoming  more  and  more  slender,  until  the  two  halves  are  comjdetely 
separated.  This  process  of  fission,  which  may  be  completed  within 
half  an  hour  from  its  commencement,  seems  to  take  place  first  in 
the  contractile  vesicle  ; for  each  segment  very  early  shows  itself  to 
be  provided  with  its  own  (b,  o,  o,),  and  the  two  vesicles  are  com- 
monly removed  to  a considerable  distance  from  one  another.  The 
segments  thus  divided  are  not  always  equal,  and  sometimes  their 
difference  in  size  is  very  considerable.  A junction  of  two  indi- 
viduals, on  the  other  hand,  has  been  seen  to  take  place  in  Aciim-^ 
phrys,  and  has  been  sui^posed  to  correspond  to  the  ‘conjugation 
of  Protophytes  ; it  is  very  doubtful,  however,  whether  this  junction 
really  involves  a complete  fusion  of  the  substance  of  the  bodies 
which  take  part  in  it ; and  there  is  not  sufficient  evidence  that  it 
has  any  true  generative  character.  Certain  it  is  that  such  a 
junction  or  ‘zygosis’  may  take  place,  not  between  two  only,  b^ 
‘between  several  individuals  at  once,  their  number  being  recognized 
by  that  of  their  contractile  vesicles  ; and  that,  after  remaining  thus 
united  for  several  hours,  they  may  separate  again  without  ha%ung 

undergone  any  discoverable  change.  _ r i i ^ 

401.  Under  the  generic  name  Actinophrys  was  formerly  raukea 
the  larger  but  less  common  Heliozoon  now  distinguished  as  Act  in  o- 
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splicer  mm  Eichornii  (Fig.  286) ; one  important  difference  consisting 
in  the  structure  of  the  radiating  pseudopodia,  each  of  which  has 


Fig.  286. 


Actlnosphcenum  Eicliornii: — m.  endosarc;  r,  ectosarc  ; 
c,  c,  contractile  vacuoles. 

here  a firm  axis-filament  or  ‘ spine,’  which,  passing  through  the 
1 superficial  zone,  rests  on  the  surface  of  the  central  sphere,  as  shown 
j at  a Mg.  287.  This  a:ds  is  clothed  with  a layer  of  soft  sarcode 
denved  from  the  superficial  or  cortical  zone  of  the  body.  Several 
nuclei  {n,n)  are  usually  to  be  seen  embedded  in  the  protoplasmic 
1 general  hfe-lustory  of  this  type  corresponds  with  that 

0 the  preceding ; but  its  mode  of  reproduction  presents  some 

'Pli®  binary  segmentation  is  preceded  by  a 
^thdrawal  of  the  pseudopodia,  even  their  clearly-defined  axis 
ecommg  indistinct  and  finally  disappearing ; the  body  becomes 
enveloped  by  a clear  gelatinous  exudation,  which  forms  a kind  of 
cyst;  and  within  this  the  process  of  binary  subdivision  is  repeat - 
e y-  perfomed,  until  the  original  single  mass  is  replaced  by  a sort 
m^riUa  (§  891),  each  spherule  of  which  shows  the  distinction  be- 
the  central  and  cortical  regions,  the  former  including  a single 
nc  eus,  whilst  the  latter  is  strengthened  by  siliceous  deposit  into 
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a firm  investment.  After  remaining  in  this  state  during  the  v/intcr, 
the  young  Actinosphcerm  come  forth  in  the  spring  without  this 


Fio.  287. 


Mwgiual  portion  of  Actinosphcerium  Eichornii,  as  seen  in 
optical  section  under  a higher  magnifying  power:— en- 
dosarc;  r,  ectosarc  ; a,  a,  a,  pseudopodia  j ji,  71,  nuclei  with 
nucleoli ; /,  ingested  food-mass. 

siliceous  investment;  and  gradually  grow  into  the  likeness  of  their 

^^^402!"  A large  number  of  new  and  cui-ious  fresh-water  forms  of 
this  tvpe  have  been  recently  brought  under  notice ; oi  which  the 
Glathrulina  elegans  (Fig.  288)  may  be  specially  mentioned  as  pre- 
senting an  obvious  transition  to  the  Polycystine  type  (§  504).  I ms 
has  been  found  in  various  parts  of  the  Continent,  and  also  (by  Mr. 
Archer*)  in  Wales  and  Ireland ; occurring  chiefly  in  dark  po^s 
shaded  by  trees  and  containing  decaying  leaves.  Its  soft  sarcode 
bodv  is  encased  by  a siliceous  capsule  of  spherical  form, 
perforated  with  oval  apertures,  and  supported  on  a long  sEici^ 
peduncle.  The  body  itself,  and  the  pseudopodia  which  it  puts  forth 

throu<^h  the  apertures  of  the  capsule,  seem  closely  to  co^espon 

Avith  those  of  Reproduction  here  takes  place  not 

only  by  binary  fission,  but  by  the  formation  of  swarm  spores.  I 
thc^firJt  mode,  one  of  the  two  segments  remains  in  possession  oft 
* Sec  his  Memoir  on  Fresh-water  Eadiolaria  iu  “ Quart.  Joum.  of  Microsc. 
Sci.,”  N.S.,  Vol.  i.x.  (1869),  p.  250. 
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siliceous  capsule,  -whilst  the  other  finds  its  way  out  through  one  of 
the  apertures,  lives  for  some  hours  in  a free  condition  as  an  Acti- 
nophrys,  and  ultimately  produces  the  capsule  and  stem  character- 
istic of  its  type.  In  the  second  mode,  numerous  small  rounded  sar- 
code-masses,  each  possessing  a nucleus,  are  produced  within  the 
capsule,  in  what  manner  cannot  be  clearly  made-out ; and  eveiy 

Fig.  288. 


CUithrulina  elvgans: — A,  complete  organism;  H,  swarm- 
spore,  showing  nucleus,  iJ,  and  two  contractile  vesicles 
near  its  opposite  end. 

one  of  these  is  enveloped  in  a firm  envelope,  set  round  with  short 
spines,  probably  siliceous.  These  cysts  remain  for  months  within 
tne  common  capsule ; and  when  the  time  arrives  for  their  further 
development,  the  sarcode-corpuscles  slip  out  of  their  ^sts,  and 
escape  through  the  orifices  of  the  capsule  as  flagellated  Monads  oi 
oval  form  (Fig.  288,  b,)  each  having  a nucleus,  n,  near  the  base  ol' 
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the  flagella,  and  two  contractile  vesicles  near  its  opposite  end. 
After  swarming  for  some  hours  in  this  condition,  they  change  to  : 
the  free  Actinophnjn  form,  and  finally  acquire  the  siliceous  capsule  * 
and  stem  of  the  Clathrnliua.  [ 

403.  Lohosa. — No  example  of  the  Ehizopod  type  is  more  common 
in  streams  and  ponds,  vegetable  infusions,  &c.,  than  the  Amhosa 
( bhg.  289) ; a creature  which  cannot  be  described  by  its  form,  for 
this  is  as  changeable  as  that  of  the  fabled  Proteus,  but  may  yet 
bo  definitely  characterized  by  peculiarities  that  separate  it  from 
the  two  groups  alread}'^  described.  The  distinction  between  ^ 
‘ ectosarc’  and  ‘ eudosarc’  is  here  clearly  marked,  so  that  the  body  | 
approaches  much  more  closely  in  its  characters  to  an  ordinary  ‘cell’  { 
composed  of  cell-wall  and  cell-contents.  It  is  through  the  ‘ endo- 
sarc’  alone,  en,  that  those  coloured  and  granular  particles  are  dif-  | 

Fig.  280.  ! 


Diagrammiitic  representation  of  Amceba  proteits-, — EC, 
ectosarc  ; EN,  endosai-c;  CV,  contractile  vesicle  : nucleus; 

i>,  pseudopodia;  vin,  villous  tuft. 

fused,  on  which  the  hue  and  opacity  of  the  body  depend ; its  central 
])ortion  seems  to  have  an  almost  watery  consistence,  the  granular 
particles  being  seen  to  move  quite  freely  upon  one  another  with 
every  change  in  the  shape  of  the  body ; but  its  superficial  jjortion 
is  more  viscid,  and  graduates  insensibly  into  the  firmer  substance 
of  the  ‘ectosarc.’  The  ectosarc,  ec,  which  is  perfectly  pellucid, 
forms  an  almost  membranous  investment  to  the  eudosarc ; still  it  is 
not  possessed  of  such  tenacity  as  to  oppose  a solution  of  its  conti-  : 
unity  at  any  point,  for  the  introduction  of  alimentary  particles,  or 
fur  tire  exti-usion  of  eti'ete  matter ; and  thus  there  is  no  evidence,  in 
Amoeba  and  its  immediate  allies,  of  the  existence  of  aiiy  more 
definite  orifice,  either  oral  or  anal,  than  exists  in  other  Ehizojxids.  ■ 
The  more  advanced  differentiation  of  the  ectosarc  from  tlie  endo- 
sarc  of  Amoeba,  is  made  evident  by  the  effects  of  re-agents.  If  a“ 
Amoeba  radiosa  be  treated  with  a dilute  alkaline  solution,  the  grn-  i 
iinlar  and  molecular  eudosarc  shrinks  together  and  retreats  towards  4 
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the  centre,  leaving  the  radiating  extensions  of  the  ectosarc  in  the 
i condition  of  CcBcal  tubes,  of  which  the  walls  are  not  soluble  at  the 
ordinary  temperature,  either  in  acetic  or  mineral  acids,  or  in  dilute 
alkaline  solutions ; thus  agreeing  with  the  envelope  noticed  by 
, Oohn  as  possessed  by  Parameciwni  and  other  ciliated  Inf  usoria,  and 
I with  the  containing  membrane  of  ordinary  animal  cells.  A ‘nu- 
L cleus,’  X,  is  always  distinctly  visible  in  Amceha,  adherent  to  the  inner 
. portion  of  the  ectosarc,  and  projecting  from  this  into  the  cavity 
i occupied  by  the  endosarc ; when  most  perfectly  seen,  it  presents  the 
I aspect  of  a clear  flattened  vesicle  surrounding  a solid  and  usually 
•spherical  nucleolus ; it  is  readily  soluble  in  alkalies,  and  first 
, expands  and  then  dissolves  when  treated  with  acetic  or  sulphuric 
acid  of  moderate  strength  ; but  when  treated  with  dilute  aeid  it  is 
rendered  darker  and  more  distinct,  in  consequence  of  the  precipita- 
tion of  a finely  granular  substance  in  the  clear  vesicular  space 
that  surrounds  the  nucleolus.  A ‘contractile  vesicle,’  cv,  seems 
also  to  be  uniformly  present,  though  it  does  not  usually  make  itself 
so  conspicuous  by  its  external  prominence  a,s  it  does  in  Actinophrys ; 
and  the  neighbouring  part  of  the  body  is  often  prolonged  into  a 
set  of  villous  processes  vil,  the  presence  of  which  has  been  thought 
I by  some  to  mark  a specific  distinction,  but  wliich  seems  too  variable 
and  transitory  to  be  so  regarded. 

404.  The  pseudopodia,  which  are  not  so  much  ajjpendages,  as 

I lobate  extensions  of  the  body  itself,  are  few  in  number,  short,  broad, 
and  rounded ; and  their  outlines  present  a sharjmess  which  indi- 

I I cates  that  the  substance  of  which  their  exterior  is  composed  pos- 
I sesses  considerable  tenacity.  ISTo  movement  of  granules  can  be  seen 
; to  take  place  along  the  surface  of  the  pseudopodia  ; and  when  two 
1 ‘ of  these  organs  come  into  contact,  they  scarcely  show  any  disposi- 
I tion  even  to  mutual  cohesion,  still  less  to  fusion  of  their  substance. 
; ' Sometimes  the  protrusion  seems  to  be  formed  by  the  ectosarc  alone, 
ji  but  more  commonly  the  endosarc  also  extends  into  it,  and  an  active 
' ' current  of  granules  may  be  seen  to  pass  from  what  was  previously 
fi  the  centre  of  the  body  into  the  protruded  portion,  when  the  latter  is 
i undergoiag  rapid  elongation ; whilst  a like  current  may  set  towards 
j the  centre  of  the  body  from  some  other  protrusion  which  is  being 
j withdrawn  into  it.  It  is  in  this  manner  that  an  Amoeba  moves 
i irom  place  to  place  ; a protrusion  like  the  finger  of  a glove  being 
' first  formed,  into  which  the  substance  of  the  body  itself  is  gradually 

transferred ; and  another  protrusion  being  put  forth,  either  in  the 
> same  or  in  some  different  direction,  so  soon  as  this  transference  has 
j been  accomplished,  or  even  before  it  is  complete.  The  kind  of  pro- 
! gression  thus  executed  by  an  Amoeba  is  described  by  most  observers 
i as  a ‘ rolling’  movement,  this  being  certainly  the  aspect  which  it 
I commonly  seems  to  present ; but  it  is  maintained  by  MM.  Claparede 
! and  Lachmann  that  the  appearance  of  rolling  is  an  optical  illusion, 
j for  that  the  nucleus  and  contractile  vesicle  always  maintain  the 
j same  position  relatively  to  the  rest  of  the  body,  and  that  ‘ creeping’ 
I would  be  a truer  description  of  their  mode  of  progression.  It  is  in 

i 

I 
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the  course  of  this  movement  from  place  to  place,  that  the  Am  echo  i 
encounters  particles  which  are  fitted  to  afford  it  nourishment ; and 
it  appears  to  receive  such  particles  into  its  interior  through  any 
part  of  the  ectosarc,  whether  of  the  body  itself  or  of  any  of  its 
lobose  expansions ; insoluble  particles  which  resist  the  digestive 
process  being  got  rid  of  in  the  like  primitive  fashion. 

405.  It  may  often  be  seen  that  portions  of  the  sarcode-body  of  an 

Amoeba,  detached  from  the  rest,  can  maintain  an  independent 
existence  ; and  it  is  probable  that  such  separation  of  fragments  is 
an  ordinary  mode  of  increase  in  this  group.  When  a pseudopodial 
lobe  has  been  put-forth  to  a considerable  length,  and  has  become 
enlarged  and  fixed  at  its  extremity,  the  subsequent  contraction  of 
the  connecting  portion,  instead  of  either  drawing  the  body  towards 
the  fixed  point,  or  retracting  the  lobe  into  the  body,  causes  the 
connecting  band  to  thin-away  until  it  separates  ; and  the  detached 
portion  speedily  shoots  out  pseudopodial  iirocesses  of  its  own,  and  j 
comports  itself  in  all  respects  as  an  independent  Amoeba.  Multi- 
plication also  takes  place  by  regular  binary  subdivision.  And  an 
issue  of  ‘ swarm-sjiores,’  which  swim  about  for  a time  Kke  Infusoria, 
has  been  witnessed  by  a competent  observer.*  In  the  A.  terncola  \ 
discovered  by  Greef  in  earth  and  dry  sand,  this  process  is  seen  to  | 

commence  in  the  nucleus,  which  breaks-up  into  rounded  corpuscles  l 

that  diffuse  themselves  through  the  substance  of  the  endosarc.  1 i 
The  creature  then  ceases  to  take-in  food ; its  motions  become  less  , j 
active,  and  its  functions  seem  to  be  entirely  confined  to  the  nurture  j 
of  the  germs,  which  finally  make  their  way  out,  and  soon  attain  j 
the  size  and  aspect  of  their  parent. — No  sexual  act  has  been  certainly  j 

recognized  as  part  of  the  life-history  of  Amceba ; the  union  of  two  or  I 

more  individuals,  which  may  be  occasionally  witnessed,  hartng  j 

more  the  character  of  the  ‘ zygosis’  of  ActinoiDhrys  (§400).  _ 

406.  A sarcodic  organism  discovered  by  Greef,  and  named  by  j 
him  Pelomyxa  jmlustrls  (Fig.  290),  which  spreads  over  the  bottom  i l 
of  stagnant  ponds  in  the  condition  of  slimy  masses  of  indefinite  > i 
form,  exhibits  a further  advance  ujDon  the  Amoeban  type.  The  | i 
substance  of  its  body  exhibits  a very  clear  differentiation  between  ( 
the  homogeneous  hyaline  ectosarc  (b,  a,  d),  and  the  contained  en-  ( 
dosarc,  which  contains  such  a multitude  of  spherical  vacuoles,  6,  as  , i 
to  have  a ‘ vesicular’  or  frothy  aspect.  When  it  feeds  upon  the  i 
decomposing  vegetable  matter  at  the  bottom  of  the  pools  it  inhabits,  ; i 
its  body  acquires  a blackish  hue  ; but  in  other  situations  it  may  be  ( 
colourless.  Besides  the  vacuoles,  there  are  seen  in  the  endosarc  a ; 
great  number  of  nucleus-like  bodies,  e,  e,  and  also  many  hyaUne  ; « 
globular  brilliant  bodies,/,/,  which  are  regarded  by;  Greef  as  germs  , f 
or  swarm-spores,  developed  from  nucleoli  set  free  within  the  general  : 1 
cavity  of  the  body  by  the  bursting  of  the  nuclei.  This  creature.  ; f 
during  the  active  period  of  its  life,  moves  like  an  Amceba,  either  . \ 
l)y  general  undulations  of  its  surface,  or  by  special  pseudopodial  j i 

♦ Prof.  A.  M Edwards  (U.S.)  iu  “Monthly  Microsc.  Journ.,’’  Yol.  viii.  (18<2)  j » 
p.  2!).  I > 
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extensions,  d.  ’ After  a time,  however,  its  movements  cease,  and  it 
looks  as  if  dead;  but  by  the  giving- way  of  its  ectosarc,  a multitude  of 

Fig.  290. 


Pdomyxa  palustris: — A,  as  it  appears  wlien  iu  amoeboid  motion: — 
n,  portion  more  highly  magnified ; showing  a,  or,  the  hyaline  ecto- 
sarc; b,  one  of  the  vacuoles  of  the  endosarc;  c,  rod-like  bodies 
scattered  through  the  endosarc ; d,  protruded  extension  of  ectosarc, 
with  endosarc  passing  into  it ; e,  e,  nuclei ; /,/,  globular  hyaline  bodies. 

minute  amoebiform  bodies  break  forth,  each  having  its  nucleus  and 
contractile  vesicle.  These  at  first  live  as  Amcebce,  but  afterwards 
pass  into  a resting  state,  assuming  a spherical  or  oval-shape,  and 
then  put-forth  flagella,  by  which  they  swim  actively  for  a time, — 
probably  then  settling-down  to  develope  themselves  into  the  parental 
form. 

407.  The  Amoeban  like  the  Actinophryan  type  shows  itself  in  the 
testaceous  as  well  as  in  the  naked  form ; the  commonest  examples 
of  this  being  known  under  the  names  Arcella  and  Difflugia.  The 
body  of  the  former  is  enclosed  in  a ‘ test’  composed  of  a horny 
membrane,  apparently  resembling  in  constitution  the  chitine  which 
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gives  solidity  to  the  integuments  of  Insects ; it  is  usually  discoidal 
(Fig.  291,  c,  d)  with  one  face  flat  and  the  other  arched,  the  aper- 
ture being  in  the  centre  of  the  flat  side ; and  its  surface  is  often 
marked  with  a minute  and  regular  pattern.  The  test  of  Bifflwj'm 
on  the  other  hand,  is  more  or  less  pitcher- shaped  (a,  n),  and  is  chieHy 
made  up  of  minute  particles  of  gravel,  shell,  &c.,  cemented  together. 
In  each  of  these  genera,  the  sarcode-body  rememhle  that  of  Amoela 
in  every  essential  jjarticular ; the  contrast  being  very  marked 
between  its  large,  distinct,  lobose  extensions,  and  the  ramifying  and 
inosculating  pseudopodia  of  Gromia  (Fig.  283).  In  each  case  a 


Fig.  291. 


Testaceous  forms  of  Amahan  Rbizopods  : — A,  Uifflugia  pro- 
teifoniiis ; n,  I)ijfiu{fia  obloiiga ; C,  Arcdla  acuminata ; D,  ArcelUi 
dentata. 
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detached  portion  of  the  sarcodic  body  will  put  forth  pseudopodia  of 
its  own  type  ; and  the  separation  of  a bud  or  gemmule  put  forth 
from  the  mouth  of  the  test  seems  to  be  an  ordinary  mode  of  propa- 
gation among  the  Aanoebans  thus  enclosed.  In  Arcella  it  has  been 
observed  that  the  pseudopodia  of  two  or  more  individuals  unite  b}" 
bridges  of  protoplasm,  and  afterwards  separate;  but  it  seems 
doubtful  whether  this  is  a true  generative  ‘ conjugation,’  or  a mere 
‘ zygosis.’  It  has  been  observed  by  Biitschli,  however,  that  after 
the  separation  of  three  individuals  which  had  been  thus  united,  the 
sarcodic  body  of  one  of  them  had  withdrawn  itself  for  a conside- 
rable space  from  the  wall  of  the  test,  and  that  in  the  liquid  Avhich 
filled  the  interval  a number  of  Vibrio-like  bodies  (spermatozoids  ?) 
swaiuned ; while  numerous  disk-shaped  masses  of  protoplasm  lay 
on  the  surface  of  the  body.  After  some  time  these  showed  lively 
amoeboid  movements,  creeping  about  between  the  body  of  the  parent 
and  the  wall  of  the  test,  and  ultimately  escaping  through  its  orifice. 
Each  of  them  contained  a nucleus  and  contractile  vesicle,  and 
moved  by  means  of  blunt  pseudopodia ; and  it  seems  probable  that 
they  were  embryoes  which  would  in  time  form  the  characteristic 
ArceZZa-test. 

408.  Many  testaceous  Amoehans  have  been  recently  discovered, 
which  form  tests  of  remarkable  regularity  and  sometimes  of 
singular  beauty;  and  it  is  difficult  to  determine,  in  many  cases, 
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whether  the  mimite  plates  of  which  they  are  composed  have  been 
formed  by  exudation  from  their  own  bodies,  or  have  been  picked 
up  from  the  surface  over  which  the  animals  crawl.*  There  can  be 
no  doubt  of  this  kind,  however,  in  regard  to  the  Qimdmla 
symmetrica  represented  in  Fig.  292  ; whose  sarcode-body  is  encased 
in  a pear-shaped  test  of  glassy  transparence,  made  up  of  a great 


Fig.  292. 


Qtiadrula  symmetrica^  with  extended  psondopodia. 

number  of  square  plates  which  touch  each  other  by  their  edges. 
The  sarcode-body  does  not  usually  fill  the  test;  the  intervening 
space  being  occupied  by  a clear  liquid,  and  traversed  by  bands  of 
protoplasm.  In  the  posterior  part  of  the  body  is  seen  a large  clear 
spherical  nucleus,  with  a distinct  dark  nucleolus  ; and  in  front  of 
this  are  contractile  vesicles,  usually  two  in  number. 

409.  CoccoUths  and  Goccosjjheres. — This  would  seem  the  most 
appppriate  place  for  the  description  of  certain  peculiar  little 
bodies  found  very  extensively  diffused  over  the  deep-sea  bottom, 
especially  abounding  in  the  Globigerina-mud  (§  480),  which  may  be 

* Seo  especially  the  recent  admirable  work  of  Prof.  Leidy  on  the  Freshwater 
Khizoimds  of  the  United  StateH'(t880). — It  is  to  be  regretted  that  its  able  Author's 
time  and  opportunities  did  not  permit  him  to  follow-out  the  life-histories  of  the 
•aany  interesting  forms  which  ho  has  described  and  figured. 
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Chalk  in  process  of  formation.  It  was  in  the  specimens 
ot  tins  mud  brought  up  by  the  ‘ Cyclops’  soundings  in  1857,  that 
1 rot.  Hurley  first  found  the  CoccoUtks  (Phg.  293,  1,  2)  which  Dr. 
Wallich  in  1860  found  aggregated  in  the  spherical  masses  which  he 
designated  as  ‘ coccospheres’  (3).  Regarding  the  gelatinous  matrix 
in  wMch  they  were  imbedded  as  a new  type  of  the  Monerozoa, 
described  by  Haeckel,  having  the  condition  of  an  indefinitely 
extended  plasmodium.  Prof.  Huxley  projiosed  to  designate  it  by  the 
name  Bathyhms,  indicative  of  its  habitat  in  the  dejiths  of  the  sea ; 
and  this  idea  was  accepted  by  Haeckel,  whose  representation  of  a 
living  specimen  of  BathyLius,  with  imbedded  coccoliths,  is  given  in  • 
Pig.  293,  4.  The  observations  made  in  the  ‘ Challenger’  Expedi-  1 
tion,  however,  have  not  confirmed  this  view ; the  supposed 
Bathyhius  being  a gelatinous  precipitate,  consisting  of  sulphate  of 
lime,  slowly  deposited  in  water  to  which  strong  spirit  has  been  ! 
added.  Whatever  be  their  nature,  Coccoliths  and  Coccospheres  are  ! 
bodies  of  great  interest ; since  their  occurrence  in  Chalk  and  in  i 
very  early  Limestones  (§  699)  is  an  additional  hnk  in  the  evidence  i 
of  the  similarity  of  the  conditions  under  which  they  were  formed,  to  ! 
those  at  present  prevailing  on  the  sea-bed  of  the  Atlantic  and  other 
oceans. — Two  distinct  tyjoes  are  recognizable  among  the  Coccohths, 
which  Prof.  Huxley  has  designated  respectively  discoliths  and 
cyatJioliths.  The  former  are  round  or  oval  disks,  having  a thick 
strongly-refracting  rim  and  a thinner  internal  portion,  the  greater 
pa,rt  of  which  is  occujiied  by  a shghtly-opaque,  cloud-hke  patch 
round  a central  corpuscle  (Fig.  293,  5).  In  general,  the  ‘ disco- 
liths’ are  slightly  convex  on  one  side,  shghtly  concave  on  the  other, 
and  the  rim  is  raised  into  a prominent  ridge  on  the  more  convex 
side ; so  that  when  viewed  edgewise,  they  present  the  appearances 
shown  in  figs.  8,  9.  Their  length  is  ordinarily  between  l-4000th 
and  l-5000th  of  an  inch ; but  it  ranges  from  l-2700th  to 
l-ll,000th.  The  largest  are  commonly  free  ; but  the  smallest  are 
generally  found  imbedded  among  heaps  of  granular  particles,  of 
wliich  some  are  probably  discoliths  in  an  early  stage  of  develop- 
ment.— The  ‘ cyatholiths,’  also,  when  full  grown,  have  an  oval 
contour;  though  they  are  often  circular  when  immature.  They 
are  convex  on  one  face,  and  fiat  or  concave  on  the  other ; and  when*’ 
left  to  themselves,  they  He  on  one  or  other  of  these  two  faces.  la 
either  of  these  aspects,  they  seem  to  be  composed  of  two  concentric 
zones  (fig.  6,  2,  3)  suiTOunding  an  oval  thick-walled  central 
corpuscle  (i),  in  the  centre  of  which  is  a clear  space  sometimes 
divided  into  two.  The  zone  (2)  immediately  surrounding  the  central 
corpuscle  is  usually  more  or  less  distinctly  granular,  and  sometimes 
has  an  almost  bead-Hke  margin.  The  narrower  outer  zone  (3) 
generally  clear,  transparent,  and  structureless;  but  sometimes  shows 
radiating  strim.  When  viewed  sideways  or  obliquely,  however,  the 
‘ cyatholiths’  are  found  to  have  a form  somewhat  resembhng  that 
of  a shirt-stud  (figs.  1,  2,  7).  Each  consists  of  a lower  plate, 
shaped  like  a deep  saucer  or  watch-glass  ; of  a smaller  upper  plate. 
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which,  is  sometimes  flat,  sometimes  more  or  less  concavo-convex ; 
of  the  oval,  thick-walled,  flattened  corpuscle,  which  connects  these 


Fig.  293. 


CoccoUths  and  Coccospheres ; — 1,  2,  7,  Cyatholitbs  seen  obliquely; — 

3,  Coccospbere,  witb  imbedded  cyatbolitbs; — 4,  Coccolitbs  imbedded 
in  supposed  protoplasmic  expansion; — 5,  Discolitb  seen  in  front  view; — 

G,  Cyatbolitb  seen  in  front  view,  showing  (1)  central  corpuscle,  (2)  gra- 
nular zone,  (3)  transparent  outer  zone ; — 8,  9,  Discolitbs  seen  edgeways. 

two  plates  together  at  their  centres  ; and  of  an  intermediate 
granular  substance,  which  more  or  less  completely  fills  up  the 
interval  between  the  two  plates.  The  length  of  these  cyatholiths 
ranges  from  about  l-1600tb  to  l-8000th  of  an  inch,  those  of 
l-3000th  of  an  inch  and  under  being  always  circular. — It  appears 
from  the  action  of  dilute  acids  upon  the  Ooccoliths,  that  they  must 
mainly  consist  of  calcareous  matter,  as  they  readily  dissolve, 
leaving  scarcely  a trace  behind.  AVhen  the  cyatholiths  are  treated 
* with  very  weak  acetic  acid,  the  central  corpuscle  rapidly  loses  its 
strongly  refracting  character ; and  tliere  remains  an  extremely 
delicate,  finely-granular  membranous  framework.  When  treated 
■with  iodine,  they  are  stained,  but  not  very  strongly ; the  inter- 
mediate substance  being  the  most  affected.  Both  discoliths  and 
cyatholiths  are  completely  destroyed  by  strong  hot  solutions  of 
caustic  potass  or  soda. — The  Coccospheres  (fig.  3)  are  made  up  by 
the  aggregation  of  bodies  resembling  ‘ cyatholitbs’  of  the  largest 
size  in  all  but  the  absence  of  the  granular  zone  ; they  sometimes 
attain  a diameter  of  l-760th  of  an  inch. — What  is  their  relation  to 
the  Coccoliths,  and  under  what  conditions  these  bodies  are  formed, 
are  questions  whereon  no  positive  judgment  can  be  at  present 
given.  (See  § 710.) 
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GrEGtAKINIDA.  ' 

. curious  animal  parasite  is  often  to  be  met  with  in  th©  | 

intestmal  canal  of  Earthworms,  Insects,  &c„  and  sometimes  in  that  i 

n ammals,  the  simplicity  of  whose  structure  requires  that  it  I 

among  the  Protozoa.  Each  individual  Ch-eqarina 
fi^ig.  A)  essentially  consists  of  a large  single  cell,  usually  more  ! 
or  less  ovate  in  foi-m,  and  sometimes  attaining  the  extraordinary  ^ 
length  of  two-ihircls  of  an  inch*  _ A sort  of  beak  or  proboscis  fre-  1 
quent^  projects  from  one  extremity  ; and  in  some  instances  this  is 
^ circular  row  of  booklets,  closely  resembhng  that 
winch  IS  se^  on  the  head  of  Taenia.  There  is  here  a much  more 
complete  differentiation  between  the  cell-membrane  and  its  contents, 
than  exists  either  in  Actinophrys  or  in  Avioeha ; and  in  this  respect 
we  must  look  upon  Grecjarina  as  representing  a decided  advance  in 
organ^ation.  Being  nourished  upon  the  juices  already  prepared 
tor  it  by  the  digestive  operations  of  the  animal  which  it  infests,  it 
has  no  need  of  any  such  apparatus  for  the  introduction  of  soHd  ! 
particles  into  the  interior  of  its  body,  as  is  provided  in  the  ‘ pseu-  ' 
dopodia’  of  the  Ehizopods  and  in  the  oral  cilia  of  the  Infusoria,  j 
Within  the  cavity  of  the  cell,  whose  contents  are  usually  milk-white  | 
and  minutely  granular,  there  is  generally  seen  a pellucid  nucleus ; 
and  when,  as  often  happens,  the  cell  undergoes  duplicative  sub- 
division, the  process  commences  in  a constriction  and  cleavage  of 
this  nucleus.  The  membrane  and  its  contents,  except  the  nucleus, 
are  soluble  in  acetic  acid.  Cilia  have  been  detected  both  upon  th© 
outer  and  the  inner  surface ; but  these  would  seem  destined,  not  so. 
much  to  give  motion  to  the  body,  as  to  renew  the  stratum  of  fluid 
in  contact  with  it ; for  such  change  of  place  as  the  animal  does 
exhibit,  is  effected  by  the  contractions  and  extensions  of  the  body 
generally,  as  in  Amoeba  (§  403).  An  ‘ encysting  process,’  \Qry 
nmch  resembling  that  of  the  lower  Protophytes,  is  occasionally 
observed  to  take  place  in  G^^egarincB^  and  seems  to  be  preparatory 
to  their  multiplication.  Whatever  the  original  form  of  the  body 
may  be,  it  becomes  globular,  ceases  to  move,  and  becomes  invested 
by  a structureless  ‘ cyst,’  within  which  the  substance  of  the  body 
undergoes  a singular  change.  The  nucleus  disappears ; and  the  sar- 
codic  mass  breaks  up  into  a series  of  globular  particles,  which 
gradually  resolve  themselves  (as  shown  at  r,  c)  into  forms  very  hk© 
those  of  N ToiculcB.  These  ‘ pseudo-navicellae’  are  set-free,  in  time, 
by  the  bursting  of  the  capsule  that  encloses  them ; and  thev 
develoji  themselves  into  a new  generation  of  Gregarime,  fir.st 
passing  through  an  Amoeba-like  stage.- — A sort  of  ‘ conjugation’’ 
has  been  seen  to  take  place  between  two  individuals,  whose  bodies, 
coming  into  contact  with  each  other  by  corresponding  points,  first 
become  more  globular  in  shape,  and  are  then  encysted  by  tli© 

* See  Prof.  Ed.  Van  Beneden  on  Gregaritin  gigantea,  in  “Quart.  Journ, 
Microsc.  Sci.,’’  N.S.,  Vol.  x.  (1870),  p.  51,  and  VoL  xi,,  p.  242. 
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I formation  of  a capsule  around  them  both ; the  partition-walls 
I between  their  cavities  disappear;  and  the  substance  of  the  two 
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Cregarma  of  the  Earthworm  : — A,  in  its  ordinary  aspect ; 
j B,  in  its  encj’’sted  condition ; c,  n,  showing  division  of  its 

j contents  into  pseudo-navicellos  ; e,  f,  free  pseudo-navicellm  ; 

G,  II,  free  amoeboids  produced  from  them. 

bodies  becomes  completely  fused  together.  But  as  the  product  of  this 
‘ zygosis’  is  the  same  as  that  of  the  ordinary  encysting  process, 
I ■ there  seems  no  sufficient  reason  for  regarding  it,  like  the  ‘ conju- 
; gation’  of  Protophytes,  as  a true  Generative  act. 


Prof.  Haeckel’s  Memoirs  on  Monera  and  the  Gastrcea  Theory  will  be 
found  in  the  successive  Nos.  of  the  “Jenaische  Zeitschrift.’’  beginning 
with  1868  ; and  in  a collected  form,  in  the  two  jiarts  of  his  ‘‘  Biologischeu 
•Studien.”  The  first  of  his  Memoirs  on  Monera  is  translated  in  “ Quart, 
•foum.  Microsc.  Sci.,  N.S.,  Vol.  ix.  (1869) ; and  the  first  of  his  Papers  on 
the  Gastraa  Theory  in  Vol.  xiv  (1874)  of  the  same  Journal.  See  also  the 
valuable  series  of  papers  on  the  Freshwater  Rhizopods.  by  Mr.  Wm.  Archer, 
in  the  current  series  of  the  “Quart.  Journ.  Micros.  Sci.;’’  the  impor- 
tant Memoirs  of  Hertwig  and  Lesser  in  the  “ Archiv  fiir  Mikr.  Anat. ’’ 
(especially  the  Suppl.  Heft  to  Bd.  x,  1874),  and  the  Presidential  Ad- 
dresses of  Prof.  Allman  to  the  Linnaean  Society  for  1876  and  1877 
(m  Nos.  69  and  7l  of  its  Journal)  on  “ Recent  Researches  on  some  of 
the  more  simple  Sarcode-Organisms,”  of  which  the  Author  has  freely 
availed  himself. 


CHAPTEE  XI. 


ANIMALCULES. — INFUSORIA  AND  ROTIFERA. 

411.  Nothing  can  be  more  vague  or  scientifically  inappropriate 
than  the  title  Animalcules ; since  it  only  expresses  the  small  dimen- 
sions of  the  beings  to  which  it  is  applied,  and  does  not  indicate 
any  of  their  characteristic  peculiarities.  In  the  infancy  of  Micro-  j 
scopic  knowledge,  it  was  natural  to  associate  together  all  those 
creatures  which  could  only  be  discerned  at  all  under  a high  magni- 
fying power,  and  whose  internal  structure  could  not  be  clearly 
made  out  with  the  instruments  then  in  use ; and  thus  the  most 
heterogeneous  assemblage  of  Plants,  Zoophytes,  minute  Crustaceans,  . 
larvae  of  Worms,  Mollusks,  &c.,  came  to  be  aggregated  with  the 
true  Animalcules  under  this  head.  The  Class  was  being  gradualE  . 
limited  by  the  removal  of  all  such  forms  as  could  be  referred  to  • 
others  ; but  still  very  httle  was  known  of  the  real  nature  of  those 
that  remained  in  it,  until  the  study  was  taken  up  by  Prof.  Ehren- 
berg,  with  the  advantage  of  instruments  which  had  derived  new 
and  vastly  improved  capabilities  from  the  application  of  the  prin- 
ciple of  Achromatism.  One  of  the  first  and  most  important  results 
of  his  study,  and  that  which  has  most  firmly  maintained  its 
ground,  notwithstanding  the  overthrow  of  Prof.  Ehrenberg’s  doc- 
trines on  other  points,  was  the  separation  of  the  entire  assemblage 
into  two  distinct  groups,  having  scarcely  any  feature  in  common 
'except  their  minute  size;  one  being  of  very  low,  and  the  other  j 
of  comparatively  high  organization.  On  the  lower  group  he  con-  ! 
ferred  the  designation  of  Polygastrica  (many- stomached),  in  conse-  ; 
quence  of  having  been  led  to  form  an  idea  of  their  organization 
which  the  united  voice  of  the  most  trustworthy  obseiwers  now 
pronounces  to  be  erroneous  ; and  as  the  retention  of  this  term  must 
tend  to  perpetuate  the  error,  it  is  well  to  fall  back  on  the  name 
Infusoria,  or  Infusory  Animalcules,  which  simply  expresses  their 
almost  universal  prevalence  in  infusions  of  organic  matter.  To 
the  higher  group,  Prof.  Ehrenberg’s  name  Botlfera  or  Rotatoria  is 
on  the  whole  very  appropriate,  as  significant  of  that  peculiar  ar- 
rangement of  their  cilia  upon  the  anterior  parts  of  their  bodies, 
Avhich,  in  some  of  their  most  common  forms,  gives  the  appearance  \ 
("when  the  cilia  are  in  action)  of  wheels  in  revolution ; the  group, 
however,  includes  many  members  in  which  the  ciHated  lobes  are  so  i 
forpied  as  not  to  bear  the  least  resemblance  to  wheels.  In  their  ' 
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, creneral  organization,  these  ‘ Wheel-animalcules’  must  certainly  he 
considered  as  members  of  the  Articxdated  division  of  the  Animal 
Kingdom  ; and  they  seem  to  constitute  a Class  in  that  lower  por- 
, tion  of  it,  to  which  the  designation  Worms  is  now  commonly  given, 
i —Notwithstanding  the  wide  zoological  separation  between  these 
two  kinds  of  Animalcules,  it  seems  most  suitable  to  the  plan  of  the 
' present  work  to  treat  of  them  in  connection  with  _ one  another ; 
since  the  Microscopist  continually  finds  them  associated  together, 
and  studies  them  under  similar  conditions. 

Section  I. — Infusoria. 

412.  This  term,  as  now  limited  by  the  separation  of  the  BMzopoda 
on  the  one  hand,  and  of  the  Botifera  on  the  other,  is  applied  to  a 
( far  smaller  range  of  forms  than  was  included  by  Prof.  Bhrenberg 
under  the  name  of  ‘ polygastric’  animalcules.  For  a large  section 
of  these,  including  the  JJesmidiacecB,  Biatomacp.ce,  Volvocine(B,  and 
; many  other  Protophytes,  have  been  transferred,  by  general  (though 
1 not  universal)  consent,  to  the  Vegetable  kingdom.  And  it  is  not 
impossible  that  many  of  the  reputed  Infusoria  may  be  but  larval 
( forms  of  higher  organisms,  instead  of  being  themselves  complete 
) animals.  Still  an  extensive  group  remains,  of  which  no  other 
! account  can  at  present  be  given,  than  that  the  beings  of  which  it  is 
j composed  go  through  the  whole  of  their  lives,  so  far  as  we  are  ac- 
( quainted  with  them,  in  a grade  of  existence  which  is  essentially 
Protozoic  (§  391) ; each  individual  apparently  consisting  of  but  a 
single  cell,  though  its  parts  are  often  so  highly  difierentiated,  as 
to  represent  (only,  however,  by  way  of  analogy)  the  ‘ organs’  of  the 
I higher  animals  after  which  they  are  usually  named. 

I 413.  Among  the  ciliate  Infusoria,  which  form  not  only  by  far  the 
largest,  but  also  the  most  characteristic  division  of  the  group, 
there  is  probably  none  which  has  not  a mouth,  or  permanent 
orifice  for  the  introduction  of  food,  which  is  driven  towards  it  by 
ciliary  currents  ; while  a distinct  anal  orifice,  for  the  ejection  of  the 
indigestible  residue,  is  also  generally  present.  The  mouth  is  often 
furnished  with  a dental  armature ; and  leads  to  an  oosopliageal  canal, 
down  which  the  food  passes  into  the  digestive  cavity.  This  cavity 
is  still  occupied,  however,  as  in  Rhizopods  (§  403),  by  the  endosarc  of 
the  cell;  but  instead  of  lying  in  mere  vacuoles  formed  in  the  midst  of 
this,  the  food-particles  are  usually  aggregated,  during  their  passage 
down  the  oesophagus,  into  minute  pellets,  each  of  which  receives  a 
special  investment  of  firm  protoplasm,  constituting  it  a digestive 
vesicle  (Pig.  299) ; and  these  go  through  a sort  of  circulation  within 
the  cell-cavity. 

414.  The  ‘ contractile  vesicles,’  again,  attain  a much  higher 
development  in  this  group,  and  are  sometimes  in  connection  with  a 
network  of  canals  channelled-out  in  the ‘ectosarc;’  while  their  rhyth- 
mical action  resembles  that  of  the  circidatoryand.  respiratory  appara- 
tuses of  higlier  animals.  There  is  ample  evidence,  also,  of  the  presence 
of  a specially  contractile  modification  of  the  protoplasmic  substance, 
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having  the  action  (thongh  not  the  structure)  of  muscular  fibre ; 
and  the  manner  in  which  the  movements  of  the  active  free-swimming 
Infusoria  are  directed,  so  as  to  avoid  obstacles  and  find-out  passages, 
seems  to  indicate  that  another  portion  of  their  protoplasmic  sub- 
stance must  have  to  a certain  degree  the  special  endowments  which 
characterize  the  nervous  systems  of  higher  animals. — Altogether,  it 
may  be  said  that  in  the  Ciliate  Infusoria  the  Life  of  the  Single  Cell 
finds  its  highest  expression.* 

415.  Before  proceeding  to  the  description  of  the  ciliate  Infusoria, 
however,  it  will  be  of  advantage  to  notice  two  smaller  groups — the 
Jlagellate,  and  the  suctorial — which,  on  account  of  the  peculiarities 
of  their  structure  and  actions,  are  now  ranked  as  distinct,  and  of 
whose  ‘ unicellular’  character  there  can  be  no  reasonable  doubt,  I 
since  they  are  for  the  most  part  ‘ closed’  cells,  scarcely  distinguish- 
able morphologically  from  those  of  Protophytes. 

416.  Flagellata. — Our  knowledge  of  this  tribe  has  been  greatly 
augmented  in  recent  years,  not  only  by  the  discovery  of  a great 
variety  of  new  forms,  but  still  more  by  the  careful  study  of  the  life 
history  of  several  among  them.  The  Monads,  proj^erly  so  caUed,t 
which  are  the  smallest  animals  at  present  known,  are  its  simplest 
representatives ; but  it  also  includes  organisms  of  much  greater 
complexity ; and  some  of  its  composite  forms  have  a very  remark-  I 
able  relation  to  Sponges  (§  508).  The  Monas  lens,  long  familiar  to  I 
Microscopists  as  occurring  in  stagnant  waters  and  infusions  of 
decomposing  organic  matter,  is  a spheroidal  particle  of  protoplasm, 
froml-2000thtoi-5200th  of  an  inch  in  diameter, enclosed  in  a delicate 
hyaline  investment  or‘ectosarc,’and  moving  freely  through  thewater 
by  the  lashing  action  of  its  slender  flagellum,  whose  length  is  from 
three  to  five  times  the  diameter  of  the  body.  Within  the  body  may 
be  seen  a variable  number  of  vacuoles ; and  these  are  occasionally  r 
occupied  by  particles  distinguishable  by  their  colour,  which  have  ; | 
been  introduced  as  food.  These  seem  to  enter  the  body,  not  by  any  | 
definite  mouth  (or  permanent  opening  in  the  ectosarc),but  through 
an  aperture  that  forms  itself  in  some  part  of  the  oral  region  near  ; ; 

* Q’he  doctrine  of  the  unicellular  nature  of  the  Infusoria  has  been  a subject 
of  keen  controversy  among  Zoologists,  from  the  time  when  it  wasfii’st  definitely 
put  forward  by  Von  Siebold  (“  Lebrbucb  der  vergleich.  Auat.,”  Berlin,  1845)  in 
opposition  to  the  then  paramount  doctrine  of  Ehrenberg  as  to  the  complexity 
of  their  organization,  which  had  as  yet  been  called  in  question  onlj'by  Dujardin 
(“  Hist.  Nat.  des  Infusoires,”  Paris,  1841).  Of  late,  however,  there  has  been  a ■ 
decided  convergence  of  opinion  in  the  direction  above  indicated ; which  has 
been  brought  about  in  gi'eat  degree  by  the  contmst  between  tbe  Protozoic 
simplicity  of  the  reproductive  and  developmental  processes  in  Infusoria,  and 
the  complexity  of  the  like  processes  as  seen  in  even  the  lowest  of  the  Metazoa 
(S  391),  which  has  been  specially  and  forcibly  insisted  on  by  Haeckel  (“  Zur 
liorphologie  der  Infusorien,"  Jenaische  Zeitsclir.,  Bd.  vii.  1873).— An  excellent 
summary  of  the  whole  discussion  w.as  given  by  Prof.  Allman,  in  his  Presidential . i 
Address  to  the  Linnsean  Society  in  1875.  ■ i 

t The  Family  Monadina  of  Ehrenberg  and  Dujardin  consists  of  an  aggregate  « 
nf  forms  now  known  to  be  of  very  dissimilar  nature,  many  ot  them  belonging  to  i ' 
the  Vegetable  Kingdom.  [, 
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the  base  of  tlie  flagellum.  In  the  smallest  Monadince,  neither 
nucleus  nor  contractile  vesicle  is  distinguishable ; but  in  larger  forms 
a nucleus  can  be  clearly  seen. — The  life-history  of  several  simple 
MoiiadincB  presenting  themselves  in  infusions  of  decaying  animal 
matter  (a  cod’s  head  being  found  the  most  productive  material),  has 
been  studied  with  admirable  perseverance  and  thoroughness  by 
' Messrs.  Dallinger  and  Drysdale,  of  whose  important  observations  a 
. general  summary  will  now  be  given.* 

417.  The  Monad-form  most  recently  and  completely  studied  by 
' Mr.  DaUinger — with  all  the  advantages  derived  from  trained  ex- 
perience, and  under  objectives  of  the  highest  quality  and  greatest 
magnifying  power--is  the  DalUngeria  Brysdali  (Kent)  represented 
in  Plate  xiii.  Its  normal  shape,  as  seen  in  fig.  1,  is  a long  oval, 
slightly  constricted  in  the  middle,  and  having  a land  of  pointed 
ti  neck  (a),  from  which  proceeds  a flagellum  about  half  as  long  again 
t.as  the  body.  From  the  shoulder-like  projections  behind  this  (fo,  c) 
i arise  two  other  long  and  fine  flagella,  which  are  directed  backwards. 
t'.The  sarcode  body  is  clear,  and  apparently  structureless,  with 
! minute  vacuoles  distributed  through  it;  and  in  its  hinder  paid  a 
(■.nucleus  {d)  is  distinguishable.  The  extreme  length  of  the  body  is 
f-’seldom  more  than  the  l-4,000th  of  an  inch,  and  is  often  less.  This 
.'Monad  swims  with  great  rapidity ; its  movements,  which  are  grace- 
;'ful  and  varied,  being  produced  by  the  action  of  the  flagella,  which 
vcan  not  only  impel  it  in  any  direction,  but  can  suddenly  reverse  its 
c course  or  check  it  altogether.  But  besides  this  free-swimming 
I.  movement,  a very  curious  ‘ springing’  action  is  performed  by  this 
i Monad  when  the  decomposing  Organic  matter  of  the  infusion  is 
breaking  up,  the  process  of  disintegration  being  apparently  assisted 
by  it.  The  two  posterior  flagella  anchor  themselves  and  coil  into 
i a spiral,  and  the  body  then  darts  forwards  and  upwards,  until  the 
1 anchored  flagella  straighten  out  again,  when  the  body  falls  forward 
'to  its  horizontal  posi'tion,  to  be  again  drawn  back  by  the  spiral 
■coiling  of  the  anchored  flagella. — This  Monad  multiplies  by  longi- 
tudinal fission;  the  first  stage  of  which  is  the  splitting  of  the 
! anterior  flagellum  into  two  (fig.  2,  a,  b),  and  a movement  of  the 
nucleus  (c)  towards  the  centi*e.  In  the  course  oi  from  thirty  to 
sixty  seconds  the  fission  extends  down  the  neck  (fig.  3,  a) ; a line 
of  division  is  also  seen  at  the  j)osterior  end  (c),  and  the  nucleus  (&) 

■ shows  an  incipient  cleavage.  In  a few  seconds  the  cleavage-line 
runs  through  the  whole  length  of  the  body,  the  separation  being 
f'  widest  posteriorly  (fig.  4,  a) ; and  in  from  one  to  four  minutes  the 
cleavage  becomes  almost  comjfiete  (fig.  5),  the  posterior  part  of 
the  body,  with  the  two  halves  {a  and  h)  of  the  original  nucleus, 

’ being  now  quite  disconnected,  though  the  anterior  jparts  are  still 
held  together  by  a transverse  band  of  sarcode,  as  seen  in  fig.  6. 
I his  soon  narrows  and  elongates,  as  shown  in  fig.  7 ; and  at  last  it 

1 * their  successive  Papers  in  the  “Monthly  Microsc.  Joiira.,”  Vol.  x.  (187.9), 

pp.J>3,  245  ; Vol.  xi.  (1874),  pfi.  7,  (59,  97  ; Vol.  xii.  (IH74),  p.  2(51 ; and  Vol.  xiii. 
i'^'^)iP-  l8o  ; — and  “Proceed.  Iloy.  Soc.,”  Vol.  xxvii.  (1878),  p.  932. 

K K 2 


il 


500  MICROSCOPIC  FORMS  OF  ANIMAL  LIFE. 

"ives  way,  setting  the  two  bodies  entirely  free.  The  whole  process  * 
of_  fission,  from  first  to  last,  is  completed  in  from  four  to  seven 
minutes ; and  being  repeated  at  intervals  of  a few  minutes,  this  ''i 
mode  of  multiplication  produces  a rapid  increase  in  the  number  of 
the  Monads. 

418.  Such  fission  docs  not,  however,  continue  indefinitely;  for 
certain  individuals  undergo  a peculiar  change,  which  shows  itself 
first  in  the  absorption  of  the  two  lateral  flagella  and  the  great  f ; 
development  of  the  nucleus,  and  afterwards  in  the  formation  of  a ! 
tj-ansverse  granular  band  across  the  middle  of  the  body  (fig.  8,  a). 
One  of  these  altered  forms,  swimming  into  a group  in  the  ‘ spring- 
ing ’ state,  within  a few  seconds  firmly  attaches  itself  to  one  of  : , 
them,  which  at  once  unanchors  itself,  and  the  two  swim  freely  and  > • 
vigorously  about,  as  shown  in  fig.  9,  generally  for  from  thirty-five  . 
to  forty -five  minutes.  Gradually,  however,  a ‘fusion’  of  the  two  \ 
bodies  and  of  their  respective  nuclei  takes  place,  the  two  trailing  | 
flagella  of  the  ‘ springing’  form  being  drawn-in  (fig.  10) ; and  in  a 
short  time  longer  the  two  anterior  flagella  also  disappear,  and  all  ' . 
trace  of  the  separate  bodies  is  lost,  the  nuclei  vanish,  and  the  re-  ^ 
sultant  is  an  irregular  amoeboid  mass  (fig.  11),  which  gradually 
acquires  the  smooth,  distended,  and  ‘still’  condition  represented  in  , ’ 
fig.  12.  This  is  a cyst  filled  with  reproductive  particles  of  such  j 
extraordinary  minuteness,  that,  when  emitted  from  the  ends  of  the  i 
cyst  (fig.  13)  after  the  lapse  of  four  or  five  hours,  they  can  only 
be  distinguished  under  an  amplification  of  5,000  diameters,  with 
perfect  central  illumination  through  an  aperture  in  the  diaphragm 
of  from  l-80th  to  the  1-lOOth  of  an  inch  in  diameter.  Yet  these 
particles,  when  continuously  watched,  are  soon  observed  to  enlarge 
and  to  undergo  elongation  (figs.  15-17);  and  within  two  hours 
after  their  emission  from  the  sac,  the  anterior  flagellum,  and  after- 
wards the  two  lateral  flagella  (fig.  18)  can  be  distinguished.  Slight  i 
movements  then  commence ; the  neck-like  protrusion  shows  itself 
(fig.  19,  a,  h),  and  in  about  half  an  hour  more  the  regular  swim- 
ming action  begins.  About  four  hours  after  the  escape  of  its  germ 
from  the  sac,  the  Monad  acquires  its  chai-acteristic  form  (fig.  20), 
though  still  only  one-half  the  length  of  its  parent;  but  this  it 
attains  (passing  through  the  stage  shown  in  fig.  21)  in  another 
hour,  and  the  process  of  multiplication  by  fission,  as  already 
described,  commences  very  soon  afterwards. — There  can  be  no 
reasonable  doubt  that  the  ‘conjugation’  of  two  individuals,  followed 
by  the  transformation  of  their  fused  bodies  into  a sac  filled  with 
reproductive  germs,  is  to  be  regarded  (as  in  Protophytes)  in  the 
light  of  a true  r/enerative  process ; and  it  is  interesting  to  observe 
the  indication  of  sexual  distinction  here  marked  by  the  different 
states  of  the  two  conjugating  individuals. — There  is  every  reason 
to  believe  that  the  entire  life-cycle  of  this  Monad  has  thus  been 
elucidated ; and  it  will  now  be  sufficient  to  notice  the  principal 
diversities  observed  by  Messrs.  Dallinger  and  Drysdale  in  the  liie- 
cycles  of  the  other  Monadine  forms  which  they  have  studied. 


FLAGELLATE  INFUSORIA  : — MONADINiE, 


501 


419.  Tlieir  simple  xmiflagellate  Monad  {Monas  DalUngeri,  Kent), 
having  an  ovate  form  witli  a long  diameter  never  exceeding  l-4000th 

. of  an  inch,  and  advancing  slowJy  with  a straight,  uniform  motion 
like  that  of  Monas  tesnno,  differs  from  the  preceding  in  its  mode 
of  multiplication ; for  this  takes  place,  not  by  duplicative  fission, 
but  by  the  breaking-up  of  the  sarcodic  substance  (as  in  the  luoduc- 
, tion  of  ‘ swarm  spores’  by  Protophyte?)  into  from  thirty  to  sixty 
' Segments,  which,  at  first  lying  closely  packed  together,  make  their 
■'escape  as  free-swimming  Monads,  each  provided  with  its  flagellum. 

' Conjugation,  in  this  type,  occurs  between  the  ordinary  forms  and 
>.  certain  individuals  distinguished  by  their  somewhat  larger  size,  and 
, by  the  granular  aspect  of  their  sarcode  towards  the  flagellate  end ; 
.land  there  is  reason  to  think  that  the  latter  have  never  undergone 
: the  segmentation  by  which  the  former  have  been  multiplied.  The 
s smaller  are  absorbed, as  it  were,  into  the  larger;  and  the  latter  passes 
a after  a time  into  the  encysted  state,  corresponding  in  its  subsequent 
i history  with  the  preceding  type. — The  hi-flagellate  or  ‘ acorn’ 

' Monad  of  the  same  observers  (identified  by  Kent  with  the  Polytonm 
'iivella  of  Ehrenber^)  presents  some  remarkable  peculiarities  in  its 
;;  mode  of  reproduction.  Its  binary  fission  extends  only  to  the  pro- 
t toplasmic  substance  of  its  body,  leaving  its  envelope  entire  ;_and  by  a 
I-  repetition  of  the  process,  as  many  as  lb  segments,  each  attaining  the 
1 likeness  of  the  parent,  are  seen  thus  enclosed,  their  flagella  pro- 
t trading  through  the  general  investment.  This  compound  state 
1 being  supposed  by  Ehrenberg  to  be  the  normal  one,  he  named  it 
a accordingly.  But  the  parent-cyst  soon  bursts,  and  sets  free  the 
c contained  ‘ macro-sjiores,’  which  swim  about  freely,  and  soon 
a attain  the  size  of  the  parent.  Again,  the  posterior  part  of  the 
1 body  of  certain  individuals  shows  an  accumulation  of  granular 
j protoplasm,  giving  to  that  region  a roughened  acorn-cup-like  aspect; 
t the  bursting  of  the  projection,  while  the  creature  is  actively  swim- 
t raing  through  the  water,  sets  free  a multitude  of  shapeless  granular 
f fragments,  within  each  of  which  a minute  bacterium-like  corpuscle 
!■  is  developed ; and  this,  on  its  release,  acquires  in  a few  hours  the  size 
; and  form  of  the  original  monad.  This  process  seems  analogous 
t to  the  development  of  ‘ micro-spores’  among  Protophytes,  by  the 
' direct  breaking-up  of  the  protoplasm.  It  is,  like  the  previous 
; process,  non-sexual  or  gonidial ; the  true  generative  process  con- 
> sisting  here,  as  in  the  preceding  cases,  in  the  ‘ conjugation’  of  two 
’ individuals,  with  the  usual  results. 

420.  A Gercomonas  {G.  typicus,  Kent),  characterized  by  the  pos- 
' session  of  a flagellum  at  each  end,  was  found  to  multiply,  during 

* eight  days  (and  nights)  of  continuous  observation,  by  transverse 
' duplicative  subdivision  alone.  But  certain  individuals  then  ex- 
f hibited  a remarkable  change,  becoming  amoeboid  and  less  active;  and 

when  two  of  these  came  into  contact,  they  underwent  a complete 
: fusion,  the  product  of  which  was  a globular  cyst,  with  a vei’y 
' definite  investment,  filled  with  reproductive  germs. — The  ‘ springing 

• Monad’  of  the  same  observers  {Heteromita  rostrata,  Kent)  is  of  a 
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long  ovate  form,  with  an  average  length  of  about  l-3000th  of  an 
inch.  From  its  narrower  extremity  a sort  of  beak  arises,  from 
which  proceeds  a fine  flagellum  about  half  as  long  again  as  the 
body ; and  at  a little  distance  behind  this,  another  and  longer 
flagellum  arises,  -with  which  the  Monad  anchors  itself  to  the  cover- 
ing-glass, constantly  springing  backwards  and  forwards  by  its 
recurrent  coil  and  uncoil.  A nucleus  shows  itself  near  the  rounded 
posterior  end  of  the  body.  This  Monad  multiplies  by  lo7igitudinaJ 
tission,  commencing  at  the  beaked  end,  and  completed  in  six  or 
seven  minutes ; aud  the  process  may  be  repeated  continuously  for 
many  days.  Among  enormous  numbers,  there  are  a few  distin- 
guishable from  the  others  by  a slight  excess  of  size,  and  by  the 
power  to  swim  freely ; these  become  ‘ still’ — for  a time  amoeboid- 
then  round;  a small  cone  of  sarcode  pushes  out,  dividing  and 
increasing  into  another  pair  of  flagella ; the  disk  splits,  each  part 
becomes  possessed  of  a nuclear  body,  and  two  well-formed  free- 
swimming  Monads  are  set  free.  These  conjugate  with  individuals 
of  the  ordinary  form  which  have  just  undergone  flssion,  the  nuclei 
of  the  two  approximating  to  each  other  ; a complete  fusion  of  sar- 
code and  nuclei  takes  place ; the  body,  at  first  motile,  comes  to 
rest,  assumes  a triangular  form,  and  loses  its  flagella ; it  then 
becomes  clear  and  distended,  and  emits  its  contained  reproductive 
granules  at  the  angles. — The  ‘ hooked  Monad’  {Heteromita  uncinaia, 
Kent)  is  another  bi-flagellate  form,  usually  ovate  with  one  end 
pointed,  and  from  l-3000th  to  1 -4000th  of  an  inch  in  length ; being 
distinguished  from  the  preceding  by  the  peculiar  character  of  its 
flagella,  of  which  the  one  that  projects  forward  is  not  more  than  half 
the  length  of  the  body,  and  is  permanently  hooked,  while  the  other, 
whose  length  is  about  twice  that  of  the  body,  is  directed  backwards, 
flowing  in  graceful  curves.  Its  motion  consists  of  a succession  of 
springs  or  jerks  rapidly  following  each  other,  which  seems  pro- 
duced by  the  action  of  the  hooked  flagellum.  Multiplication  takes 
place  by  transverse  fission,  and  continues  uninterruptedly  for  seve- 
ral days.  A difi’erence  then  becomes  perceptible  between  larger  and 
.smaller  individuals  ; the  former  being  further  distinguished  by  the 
presence  of  what  seems  to  be  a contractile  vesicle  in  the  anterior 
part  of  the  body.  Conjugation  occurs  between  one  of  the  larger 
and  one  of  the  smaller  forms,  the  latter  being,  as  it  were,  absorbed 
into  the  body  of  the  larger ; and  the  resulting  product  is  a spherical 
cyst,  which  soon  begins  to  exhibit  a cleavage-process  in  its  inte- 
rior. This  continues  until  the  whole  of  its  sarcodic  substance  is 
subdivided  into  minute  oval  particles,  which  are  set  free  by  the 
rupture  of  the  cyst,  and  of  which  each  is  usually  furnished  with  a 
single  flagellum,  by  whose  lashing  movement  it  swims  freely- 
These  germs  speedily  attain  the  size  and  form  of  the  parent,  and 
then  begin  to  multii>ly  by  transverse  fission — thus  completing  the 
‘ genetic’  cycle. 

421.  The'calycine  Monad’  of  the  same  observers  [Tetramitus 
rostratus,  Perty),  has  a length  of  from  1 -900th  to  1-lOOOth  of  an 
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incL,  and  a compressed  body  taj)ering  backwards  to  a point.  Its 
four  flagella  (wbicb  constitute  its  generic  distinction)  arise  nearly 
too’etber  from  the  flattened  front  of  the  body ; and.  its  swim- 
ming movement  is  a graceful  gliding.  Near  the  base  of  the  flagella 
is  a pair  of  contractile  vesicles  ; and  further  behind  is  a lai'ge 
nucleus.  Multiplication  takes  place  by  longitudinal  fission,  which 
is  preceded  by  a change  to  a semi-amoeboid  state.  This  gives 
place  to  a more  regular  pear-like  form,  the  four  flagella  issuing 
from  the  large  end  ; and  the  fission  commences  at  their  base,  two 
pairs  being  separated  by  the  cleavage-plane.  The  nucleus  also 
undergoes  cleavage,  and  its  two  halves  are  carried  apart  by  the 
backward  extension  of  the  cleavage.  The  two  half-bodies  at  last 
remain  connected  only  by  their  hinder  prolongations,  which  speedily 
give  way,  and  set  them  free.  Each,  however,  has,  as  yet,  only  two 
flagella  ; but  these  speedily  fix  themselves  by  their  free  extremities, 
undergo  a rapid  vibratory  movement,  and  in  the  course  of  about 
two  minutes  split  themselves  from  end  to  end.  A still  more  com- 
plete change  into  the  amoeboid  condition,  in  which  the  creature  not 
only  moves,  but  alsq_feeds,  like  an  Amoeba  (devouring  all  the  living 
and  dead  Bacteria  in  its  neighbourhood),  occurs  previously  to  ‘ conju- 
gation;’ and  this  takes  place  between  two  of  the  amoeboid  forms,which 
begin  to  blend  into  one  another  almost  immediately  upon  coming 
into  contact.  The  conjugated  bodies,  however,  swim  freely  about 
for  a time,  the  two  sets  of  flagella  apparently  acting  in  concert. 
But  by  the  end  of  about  eighteen  hours,  the  fusion  of  the  bodies 
and  nuclei  is  complete,  the  flagella  are  retracted,  and  a spherical 
distended  sac  is  then  formed,  which,  in  a few  hours  more,  without 
any  violent  splitting  or  breaking  up,  sets  free  innumerable  masses 
of  reproductive  particles.  These,  under  a magnifying  power  of 
2,500  diameters,  can  be  just  recognized  as  oval  granules,  which 
rapidly  develops  themselves  into  the  likeness  of  their  parents,  and 
in  their  turn  multiply  by  duplicative  fission, — thus  completing  the 
‘ genetic’  cycle. 

422.  One  of  the  most  important  researches  thus  ably  prosecuted, 
by  Messrs.  DalHnger  and  Drysdale,  has  reference  to  the  Tempera- 
tures respectively  endurable  by  the  adult  or  developed  forms  of 
these  Monads,  and  by  their  reproductive  germs.  A large  number  of 
experiments  upon  the  several  forms  now  described,  indubitably  led  to 
the  conclusion  that  all  the  adult  forms,  as  well  as  all  those  which  had 
reached  a stage  of  development  in  which  they  can  be  distinguished 
from  the  reproductive  granules,  are  utterly  destroyed  by  a tempe- 
rature of  160°  Fahr.  But,  on  the  other  hand,  the  reproductive 
granules  emitted  from  the  cysts  that  originate  in  ‘conjugation, 
were  found  capable  of  sustaining  a fluid  heat  of  220°,  and  a dry 
heat  of  about  30°  more, — those  of  the  Cercomonad  surviving 
exposure  to  a dry  heat  of  300°  Fahr.  This  is  a fact  of  the  highest 
interest  in  its  bearing  on  the  question  of  ‘ spontaneous  genera,tion, 
or  Abiogenesis;  since  it  shows  (1)  that  germs  capable  of  surviving 
desiccation  maybe  everywhere  diffused  through  the  air,  and  may, 
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on  account  of  their  extreme  minuteness  (as  they  certainly  do  not 
exceed  1 -200,000th  of  an  inch  in  diameter),  altogether  escape  the 
most  careful  scrutiny  and  the  most  thorough  cleansing  processes  ; 
w lie  (2)  their  extraordinary  power  ol  resisting  heat  will  prevent 
these  germs  Irom  being  killed,  either  by  boiling,  or  by  dry-heating 
up  to  even  300°  Fahr  * 

423.  The  structural  resemblance  of  these  simple  Flagellate  Infu- 
soria to  the  ‘ monads’  of  Volvox  and  its  allies  (§  237),  is  so  close  that 
no  other  than  physiological  reasons  can  be  assigned  for  separating 
^ Whilst  the  Volvocineoi  grow  and  multiply  under  conditions 
which  seem  to  justify  our  regarding  them  as'members  of  the  Vege- 
table Kingdom  (§  223),  the  ‘flagellated’  agree  with  the  ‘ciliated’ 
Infusoria  in  ordinarily  drawing  their  nutriment  from  organic  com- 
imunds  ; and  it  seems  clear  that,  although  unpossessed  of  a mouth, 
they  can  introduce  solid  food- particles  into  the  interior  of  their 
bodies.  It  is,  however,  not  a little  remarkable  that  (according  to 
the  statement  of  Messrs.  Dallinger  andDrysdalef)  these  Flagellata 

like  IBacteria  and  other  forms  referred  to  the  group  of  Fungi — 
can  be  cultivated  in  Cohn’s  ‘ nutritive  fluid’  (§  303,  note),  which 
consists  only  of  tartrate  of  ammonia  and  mineral  salts,  without  any 
albuminous  matter. 

large  series  of  more  complex  forms  of  Flagellate  Infu- 
soria  has  been  recently  brought  to  our  knowledge  by  the  researches 
of  the  late  Prof.  J ames-Clark  (U.S.),J  followed  by  those  of  Stein  and 
Saville  Kent.  In  some  of  these,  a sort  of  collar-like  extension  of  what 
appears  to  be  the  sarcodic  ectosarc,  proceeds  from  the  anterior 
extremity  of  the  body  (Fig.  295,  cl),  forming  a kind  of  funnel, 
from  the  bottom  of  which  the  flagellum  arises  ; and  by  its  vibra- 
tions a current  is  j)roduced  within  the  funnel,  which  brings  down 
food-particles  to  the  ‘oral  disk’ that  surrounds  its  origin,  where  the 
ectosarc  seems  softer  than  that  which  envelopes  the  rest  of  the 
body.  Towards  the  base  of  the  collar,  a nucleus  (it)  is  seen ; while, 
near  the  posterior  termination  of  the  body,  is  a single  or  double 
contractile  vesicle  cv.  The  body  is  attached  by  a pedicle  pro- 
ceeding from  its  posterior  extremity,  which  also  seems  to  be  a 
prolongation  of  the  ectosarc. — These  Animalcules  multiply  by  lon- 
gitudinal fission ; and  this,  in  some  cases  (as  in  the  genus  Monosiga) 
proceeds  to  the  extent  of  a complete  separation  of  the  two  bodies, 
which  henceforth,  as  in  the  ordinary  Monadina,  live  quite  inde- 
pendently of  each  other.  But  in  other  forms,  as  Godosiga,  the 
fission  does  not  extend  through  the  pedicel ; and  the  twin  bodies 
being  thus  held  together  at  their  bases,  and  themselves  undergoing 

^ * Descriptious  of  the  spocml  apparatus  used  by  Messrs.  Dallinger  and  Drysdale 
m their  researches  will  bo  found  iu  “Monthly  Micr.  Joura.,”  Vol.  xi.  (1874), 
p.  97;  ibid.  Vol.  xv.  (187G),  p.  165;  aud  “Proceed.  Eoy.  Soc.,”  Vol.  xxvii. 
(1878),  p.  343.  V j . 

t “Monthly  Microscopical  Journal,’’  Vol.  xiii.  (1875),  p.  190. 

X See  his  Memoirs  in  “Ann.  Nat.  Hist.”  Ser.  3,  Vol.  xviii.  (1866);  ibid. 
Scr.  4,  Vol.  i.  (1868) ; Vol.  vii.  (18711 ; aud  Vol.  ix.  (1872). 
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(duplicative  fission,  clusters  are  produced,  wliicli  spring  from  common 
pedicels  (Fig.  296).  And  by  the  extension  of  the  division  down  the 
i|  pedicels  themselves,  composite  arborescent  fabrics,  like  those  of 
['  Zoophytes,  are  produced. 

Fig.  205. 


I 


'1 


li 

1 

j 


Single  zooid  of  Codosifjn.  wmhellata: — cl,  collar;  n,  nucleus; 

CO,  double  contractile  vesicle. 

425.  In  another  group,  a structureless  and  very  transparent 
horny  calyx,  closely  resembling  in  miniature  the  polype-cell  of 
a Campanidaria  (Plate  xx.),  forms  itself  round  the  body  of  the 
Monad,  which  can  retract  itself  into  the  bottom  of  it.  And  in  the 
genus  Salpingceca  both  calyx  and  collar  are  present.  In  some 
forms  of  this  group,  multiplication  seems  to  take  place,  not  by 
fission,  but  by  gemmation ; and,  as  among  Hydroid  Polypes,  the 
gemmce  may  either  detach  themselves  and  live  independently,  or  may 
remain  in  connection  with  their  parent-stocks,  forming  composite 
labrics,  in  some  of  which  the  calyces  follow  one  another  in  linear 
series,  whilst  in  others  they  take  on  a ramifying  arrangement. 
While  some  of  these  composite  organisms  are  sedentary,  others,  as 
Dinobryon,  are  free-swimming. 

426.  Two  solitary  Flagellate  forms,  AntJwphysa  and  Anisonema,^ 
may  he  specially  noticed  as  presenting  several  interesting  points  of 
rcsemhlance  to  the  peculiar  type  next  to  be  described ; the  most 
noticeable  being  the  presence  of  a distinct  mouth,  and  the  possession 
of  two  different  motor  organs — one  a comparatively  stout  and  stiff 
bristle  of  uniform  diameter  throughout,  which  moves  by  occasional 
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.jerks ; and  the  other  a very  delicate  tapering  flagellum,  which 
IS  constant  vibratory  motion.  If,  as  appears  from  the  recent 
observations  of  Biitschli,  the  well-known  Astasia — of  which  one 
species  has  a blood-red  colour,  and  sometimes  multiplies  to  such  an 

Pm.  206. 


Codosiga  uinhellata : — colon3'-stock,  springing  from  single  iiedicel 
tripai-titely  branched. 

extent  as  to  tinge  with  it  the  water  of  the  ponds  it  inhabits — has  a 
true  mouth  for  the  reception  of  its  food,  it  must  be  regarded  as 
an  Animal,  and  separated  from  the  Euglena  (with  which  it  has 
been  generally  associated),  the  latter  being  pretty  certainly  a Plant 
belonging  to  the  same  group  as  Volvox.* 

427.  There  can  be  no  longer  any  doubt  that  the  well-known  Nocti- 
luca  miliar  is — to  which  is  attributable  the  diffused  luminosity  that  j 
frequently  presents  itself  in  British  seas — is  to  be  regarded  as  a I 
gigantic  type  of  the  ‘ unicellular’  Flagellata.  This  animal,  which  is  of 
spheroidal  form,  and  has  an  average  diameter  of  about  160th  of  an 
inch,  is  j ust  large  enough  to  be  discerned  by  the  naked  eye  when  j 

the  water  in  which  it  may  be  swimming  is  contained  in  a glass  jar 
held  up  to  the  light ; audits  tail-like  appendage,  whose  length  about 
equals  its  own  diameter,  and  which  serves  as  an  instrument  of 
locomotion,  may  be  discerned  with  a hand-magnifier.  The  form  of 

* See  the  Memoir  by  Prof.  Biitschli,  in  “ Zeitschrift  f.  Wissensch.  Zoob,” 

Bd.  XXX.;  of  which  an  abridgment  (with  Plate)  is  given  in  “Quart.  Jouru. 
Microsc.  Sci.,”  Vol.  xix.  (1879),  p.  03. 
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Noctiluca  is  nearly  that  of  a sphere,  ao  compressed  that  while  on 
one  aspect  (Fig.  297,  a)  its  outline,  when  projected  on  a plane,is  nearly 

Fig.  297. 

A « 


Xoctiluca  millans,  as  seen  at'  A on  tlie  aboral  side,  and  at  B on  a plane 
at  light  angles  to  it : — a,  entrance  to  atrium ; b,  atrium  ; c,  superficial 
ridge ; d,  tentacle ; e,  mouth  leading  to  oesophagus,  within  which  are 
seen  the  flagellum  springing  from  its  base,  and  the  tooth-like  process 
projecting  into  it  from  above ; /,  broad  process  from  the  central  proto- 
plasmic mass,  proceeding  to  supei'ficial  ridge  ; g,  duplicature  of  wall ; 

/(,  nucleus. — Magnified  about  90  diameters. 

circular,  it  is  irregularly  oval  in  the  aspect  (b)  at  right  angles  to 
this.  Along  one  side  of  this  body  is  a meridional  grove,  resem- 
bling that  of  a peach ; and  this  leads  at  one  end  into  a deep  de- 
pression of  the  surface,  a,  termed  the  atrium,  from  the  shallower 
commencement  of  which  the  tentacle,  d,*  originates,  whilst  it 
deepens  down  at  the  base  of  the  tentacle  to  the  month,  e.  _ Along 
the  opposite  meridian  there  extends  a slightly  elevated  ridge,  c, 
which  commences  with  the  appearance  of  a bifurcation  at  the  end 
of  the  atrium  farthest  from  the  tentacle  ; this  is  of  firmer  consis- 
tence than  the  rest  of  the  body,  and  has  somewhat  the  appearance 

* The  organ  here  termed  ‘ tentacle’  is  commonlj’’  designated ; while 
what  is  hero  termed  the  flagellum  is  spoken  of  by  most  of  those  _who  have 
recognized  it,  as  a cilium.  The  Author  agrees  with  M.  Eobinin  considering  the 
former  organ,  which  has  a remarkable  resemblance  to  a single  fibrilla  of  striated 
muscle  (}  67^,  as  one  peculiar  to  Noctiluca  ; and  the  latter  as  the  true  homo- 
logue  of  the  flagellum  of  the  ordinary  Flagellata. — It  is  curious  that  several 
oteervers  have  been  unable  to  discover  the  so-called  cilium,  which  was  first 
noticed  by  Krohn.  Prof.  Huxley  sought  for  it  in  at  least  fifty  individuals 
without  success ; and  out  of  the  great  number  wluch  he  afterwai'ds  examined, 
did  not  get  a clear  view  of  it  in  more  than  half-a-dozen. 
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of  a rod  imbedded  in  its  walls.  The  mouth  opens  into  a short 
(Bsophagus,  which  leads  directly  down  to  the  great  central  proto- 
plasmic mass  ; on  the  side  of  this  canal  farthest  from  the  tentacle, 

IS  a nrm  ridge  that  forms  a tooth-like  jirojection  into  its  cavity; 
w 1 s ' iroin  its  floor  there  arises  a long^a^eiiiim,  which  vibrates  freely  : 
in  Its  interior.  The  central  jirotoplasmic  mass  sends  off  inall  direct  \ 

tions  branching  prolongations  of  its  substance,  whose  ramifications  I 

inosculate ; these  become_  thinner  and  thinner  as  they  approach  the  | 
their  ultimate  filaments,  coming  into  contact  with  , 
tne  delicate  membranous  body- wall,  extend  themselves  over  its  in-  i 
^rior,  lorming  a protoplasmic  network  of  extreme  tenuity  (Fig.  298). 
liesides  these  branching  prolongations,  there  is  sent  off  from  the 

Fig.  208. 


Portion  of  superficial  protoplasmic  reticulation,  formed  liy 
ramification  of  an  extension  a of  central  mass. — Magnified 
1000  diameters. 

central  protoplasmic  mass  a broad, thin, irregularly  cjuadrangular  ex- 
tension (Fig.  297  B./j,  wlnch_ extends  to  the  superficial  rod-like  ridge, 
and  seems  to  coalesce  with  it ; its  lower  free  edge  has  a thickened 
border ; whilst  its  upper  edge  becomes  continuous  with  a plate-like 
striated  structure,  g,  which  seems  to  be  formed  by  a peculiar  dupli- 
cature  of  the  body-wall.  At  one  side  of  the  protoplasmic  mass  is 
seen  a spherical  vesicle,  h,  of  about  3-2000ths  of  an  inch  in  di- 
ameter, having  clear  colourless  contents,  among  which  transparent 
oval  corpuscles  may  usually  be  detected.  This,  from  the  changes 
it  undergoes  in  connection  with  the  reproductive  process,  must  be 
regarded  as  a nudetes. 

428.  The  particles  of  food  drawn  into  the  mouth  (probably  by 
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j the  vibrations  of  the  flagellum)  seem  to  be  received  into  the  proto- 

iplasmic  mass  at  the  bottom  of  the  03sophagus  by  extensions  of  its 
substance,  which  envelope  them  in  filmy  envelopes  that  maintain 
themselves  as  distinct  from  the  surrounding  protoplasm,  and  thus 
constitute  extemporized  digestive  vesicles.  These  vesicles  soon  find 
their  way  into  the  radiating  extensions  of  the  central  mass  (as 
shown  in  Fig.  297  a,  b),  and  are  ensheathed  by  the  protoplasmic 
substance  which  goes-onto  form  the  peripheral  network  (Fig.  299). 
Their  number  and  position  are  alike  variable;  sometimes  only  one 


Fig.  299. 


Pair  of  Digestive  Vesicles  of  N'octUnca,  lying  in  course  of 
extension  of  central  protoplasmic  mass  o,  to  form  peripheral 
I’eticulation  b,  and  containing  remains  of  Algae. — Magnified 
480  diameters. 

or  two  are  to  be  distinguished  ; more  commonly  from  four  to  eight 
can  be  seen ; and  even  twelve  or  more  are  occasionally  discernible. 
The  place  of  each  in  the  body  is  constantly  being  changed  by  the 
contractions  of  the  protoplasmic  substance  ; these  in  the  first  place 
carrying  it  from  the  centre  towards  the  periphery  of  the  body,  and 
then  carrying  it  back  to  the  central  mass,  into  whose  substance  it 
seems  to  be  fused  as  soon  as  it  has  discharged  any  indigestible 
material  it  may  have  contained,  which  is  got  rid  of  through  the 
mouth.  Every  part  of  the  protoplasmic  reticulation  is  in  a state  of 
incessant  change,  which  serves  to  distribute  the  nutrient  material 
that  finds  its  way  into  it  through  the  walls  of  the  digestive  vesi- 
cles ; but  no  regular  cyclosis  (like  that  of  plants)  can  be  observed 
in  it.  Besides  the  ‘ digestive  vesicles,’  vacuoles  filled  with  clear 
fluid  may  be  distinguished,  alike  in  the  central  protoplasmic  mass,, 
and  in  its  extensions,  as  is  shown  in  the  centre  of  Fig.  297.  There 
is  no  contractile  vesicle. 

429.  The  peculiar  ‘ tentacle  ’ of  Noctiluca  is  a flattened  whip-like 
filament,  gradually  tapering  from  its  base  to  its  extremity ; the  two 
flattened  faces  being  directed  respectively  towards  and  away  from 
the  oral  aperture.  When  either  of  its  flattened  faces  is  examined,, 
it  shows  an  alternation  of  light  and  dark  spaces,  in  every  respect 
resembling  those  of  striated  muscular  fibre,  except  that  the  clear 
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spaces  are  not  subdivided.  But  when  looked- at  in  profile,  it  is  seen 
that  between  the  striated  band  and  the  aboral  surface  is  a layer  of  ' 
granular  protoplasm.  The  tentacle  slowly  bends  over  towards  the  i 
month  about  five  times  in  a minute,  and  straightens  itself  still  I 

more  slowly ; the  middle  portion  rising  first,  while  the  point  ap-  1 

proaches  the  base,  so  as  to  form  a sort  of  loop,  which  presently  i 

straightens.  It  seems  probable  that  the  contraction  of  the  sub-  [ 

stance  forming  the  dark  bands,  produces  the  bending  of  the  filament; 
whilst,  when  this  relaxes,  the  filament  is  straightened  again  by  the  t 
elasticity  of  the  granular  layer.*  ° 

430.  The  extreme  transparence  of  Noctiluca  renders  it  a particu- 
larly favourable  subject  for  the  study  of  the  phenomena  of  pho.spho- 
rescenee.  _ When  the  surface  of  the  sea  is  rendered  luminous  by  the 
general  diffusion  of  Noctilucce,  they  may  be  obtained  by  the  tow-net 
in  unlimited  quantities ; and  when  transferred  into  a jar  of  sea- 
water, they  soon  rise  to  the  surface,  where  they  form  a thick  stra- 
tum. The  sHghtest  agitation  of  the  jar  in  the  dark  causes  an 
instant  emission  of  their  light,  which  is  of  a beautiful  greenish 
tint,  and  is  vivid  enough  to  be  perceptible  by  ordinary  lamp-light. 
This  luminosity  is  but  of  an  instant’s  duration,  and  a short  rest  is 
reqtiired  for  its  renewal.  A brilliant,  but  short-hved  display  of 
luminosity,  to  be  followed  by  its  total  cessation,  may  be  iDroduced 
by  electric  or  chemical  stimulation.  Professor  Allman  found  the 
addition  of  a droj)  of  alcohol  to  the  water  containing  specimens  of 
Noctiluca,  on  the  stage  of  the  microscope,  produce  a luminosity 
strong  enough  to  be  visible  under  a half-inch  objective,  lasting  with 
full  intensity  for  several  seconds,  and  then  gradually  disappearing. 

He  was  thus  able  to  satisfy  himself  that  the  special  seat  of  the 
phosphorescence  is  the  peripheral  protoplasmic  reticulation  which 
lines  the  external  structureless  membrane. 

431.  The  reproduction  in  this  interesting  type  is  effected  in  various 
ways.  According  to  Cienkowsky,  even  a small  portion  of  the  iDroto- 
plasm  of  a mutilated  Noctiluca  will  (as  among  Pthizopods)  reproduce 
the  entire  animal.  Multiplication  by  fission  or  binary  sub-division, 
beginning  in  the  enlargement,  constriction,  and  separation  of  the 
two  halves  of  the  nucleus,  has  been  frequently  observed.  Another 
form  of  non -sexual  reproduction,  which  seems  parallel  to  the 
‘ swarming’  of  many  Protophytes,  commences  by  a kind  of  encyst- 
ing process.  The  tentacle  and  flagellum  disappear,  and  the  mouth 
gradually  narrows,  and  at  last  closes  up ; the  meridional  groove 
also  disappears,  so  that  the  animal  becomes  a closed  hollow  sphere. 

The  nucleus  elongates,  and  becomes  transversely  constricted,  and 
its  two  halves  separate,  each  remaining  connected  ^vith  a portion  of 
the  protoplasmic  network.  This  duplicative  sub-division  is 
repeated  over  and  over  again,  until  as  many  as  512  ‘ gemmules’  are 

* According  to  Eobin,  the  ‘ tentacle’  of  Xodiluca  is  derived  conjointly  from 
the  cell-wiill  and  from  its  contained  protoplasm ; being  thus  differentiated  alike 
from  the  ‘ flagellnm,’  which  he  regards  as  an  extension  of  the  latter  alo)ie,  ami 
from  a ‘(;ilium,’  which  is  an  extension  of  the  foi-mer. 
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r formed,  each  consisting  of  a nuclear  particle  enveloped  by  a proto- 
|i  plasmic  layer,  and  each  having  its  flagellum.  The  entire  aggre- 
J gate  forms  a disk -like  mass  projecting  from  the  surface  of  the 
I sphere ; and  this  mass  sometimes  detaches  itself  as  a whole,  snb- 
li  sequently  breaking  up  into  individuals  ; whilst,  more  commonly,  the 
i . gemmules  detach  themselves  one  by  one,  the  separation  beginning 

I , at  the  margin  of  the  disk,  and  proceeding  towards  its  centre. — The 
t ■ gemmules  are  at  first  closed  monadiform  spheres,  each  having  a 
j nucleus,  contractile  vesicle,  and  flagellum ; the  mouth  is  subse- 

II  quently  formed,  and  the  tentacle  and  permanent  flagellum  aftev- 
j wards  make  their  appearance. — A process  of  ‘conjugation’  has 
i also  been  observed,  alike  in  ordinary  Noctihicce  and  in  their  closed 

or  encysted  forms,  which  seems  to  be  sexual  in  its  nature.  Two  iu- 

Idividuals,  applying  their  oral  surfaces  to  each  other,  adhere  closely 
; together,  and  their  nuclei  become  connected  by  a bridge  of  2Droto- 
plasmic  substance.  The  tentacles  are  thrown  off,  the  two  bodies 
gradually  coalesce,  and  the  two  nuclei  fuse  into  one.  The  whole 
process  occupies  about  five  or  six  hours,  but  its  results  have  not 
been  followed  out.* 

432.  Intermediate  between  the  pi'oper  flagellate,  and  the  true 
dilate  Infusoria,  is  the  small  group  of  Gilio-fiagellata,  in  which, 
• while  the  body  is  furnished  wi1/h  ri3ws  of  cilia,  a flagellum  is  also 
' present.  Although  this  group  does  not  contain  any  great  diversity 
• of  forms,  yet  it  is  specially  worthy  of  notice,  on  account  of  the 
occasional  appearance  of  some  of  them  in  extraordinary  multi- 
tudes. This  is  the  case,  for  example,  with  the  Peridinium  observed 
by  Prof.  Allman,  in  1854,  to  be  imparting  a brown  colour  to  the 
water  of  some  of  the  large  ponds  in  Phoenix  Park,  Dublin ; 

■ this  colour  being  sometimes  uniformly  diffused,  and  sometimes 
showing  itself  more  deeply  in  dense  clouds,  varying  in  extent  from  a 
■ few  square  yards  to  upwards  of  a hundred.  The  animal  (Pig.  300, A,  b) 


Fig.  300. 


J’eridinium  uherrimum; — A,  n,  Front  and  back  views;  c,  Encysted 
stage  ; D,  Duplicative  subdivision. 


* Noctiluca  has  been  the  subject  of  numerous  Memoirs,  of  which  the  foliow- 
ing are  the  most  recent:  Cieiikowski,  “Arch.  f.  Micr.  Anat.,”  Bd.  vii.  (1871), 
]’•  131,  and.  Bd.  ix.  (1873),  p.  47  ; Allman,  “ Quai't.  Jouni.  Micr.  Sci.,’’ N.S., 
Voh  xii.  (1872),  p,  327 ; Robin,  “Journ.  de  I’Anat.  et  do  Physiol.,”  Tom.  xiv. 
(18<8),  p.  580  ; andVigual,  “ Arch.de  Phy.siol.,”  Ser.  2,  Tom.  v.  (1878),  p.  415. 
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has  a form  approaching  the  spherical,  with  a diameter  of  from 
1-lOOOth  to  l-5000th  of  an  inch  ; and  is  partially  divided  into  two 
hemispheres,  by  a deep  equatorial  furrow,  a,  whilst  the  flagellum- 
hearing  hemisphere,  a,  has  a deep  meridional  groove  on  one  side, 
h,  extending  from  the  equatorial  groove  to  the  pole ; the  flagellum 
taking  its  origin  from  the  bottom  of  this  vertical  groove,  near  its 
junction  with  the  equatorial.  The  cilia,  in  this  form,  do  not  seem 
to  be  disposed  in  special  bands,  but  are  distributed  over  the  general 
surface  of  the  body;  but  in  several  other  Peridinians  (Fig.  301), 

Fig.  301. 


1,  Ceratium  tripos ; 2,  Ceratimn  f urea. 

whose  bodies  are  partially  invested  by  a firm  loHca,  the  cilia  a.re 
arranged  in  special  zones.  It  is  questionable  whether  any  definite 
mouth  exists  in  this  type ; but  it  seems  certain  that  alimentary 
particles  are  received  into  the  interior  of  the  bodj^,  becoming  en- 
closed in  ‘ digestive  vesicles.’  A ‘ contractile  vesicle  ’ has  been 
rarely  observed ; but  a large  nucleus,  sometimes  oval,  and  _som^ 
times  horseshoe-shaped,  seems  always  present.— The  Pendima 
multiply  by  transverse  fission  (Fig.  800,  n),  which  commences  m the 
subdivision  of  the  nucleus,  and  then  shows  itself  externally  in  a 
constriction  of  the  un grooved  hemisphere,  parallel  to  the  equatorial 
furrow.  They  pass  into  a quiescent  condition,  subsiding  towards  the 
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bottom  of  tlie  water ; and  the  loricated  forms  appear  to  throw  off 
i'  their  envelopes.  But  whether  these  changes  are  preparatory  to  any 
I process  of  conjugation,  is  not  known.— Some  of  the  PericUnia  are 
i found  in  sea-water ; but  the  mcst  remarkable  marine  forms  of  the 
^ cilio-flagellate  group  belong  to  the  genus  Ceratium  (Fig.  301),  in 
f which  the  cuirass  extends  itself  into  long  horny  appendages, 
f In  the  Ceratium  tripos  (1),  there  are  three  of  these  appendages ; two 
i of  them  curved,  proceeding  from  the  anterior  portion  of  the" cuirass, 
f and  the  third,  which  is  straight  or  nearly  so,  from  its  posterior 
it  portion.  They  are  all  more  or  less  jagged  or  spinous.  In  Cera- 
:i  Hum  f area  (2),  the  two  anterior  horns  are  prolonged  straight  for- 
I - wards,  one  of  them  being  always  longer  than  the  other  ; whilst  the 
posterior  is  prolonged  straight  backwards.  The  anterior  and 
posterior  halves  of  the  cuirass  are  separated  by  a ciliated  furrow, 
from_  one  point  of  which  the  flagellum  arises  ; and  at  the  origin  of 
this  is  a deep  depression,  into  which  the  flagellum  may  be  completely 
. and  suddenly  withdrawn.  _ Whether  this  is,  or  is  not,  a true  mouth 
leading  into  the  cell-cavity,  has  not  yet  been  ascertained. — The 
Author  has  found  the  Ceratium  tripos  extremely  abundant  in  Lam- 
lash  Bay,  Arran ; where  it  constitutes  a principal  article  of  the  food 
of  the  Comakdee  that  inhabit  its  bottom.* 

433.  SuctoHa. — The  suctorial  Infusoria  constitute  a well-marked 
.group,— all  belonging  to  one  family,  Acinetina,—t}xe  nature  of 
which  has  been  until  recently  much  misunderstood,  chiefly  on  ac- 
count of  the  parasitism  of  their  habit.  Like  the  typical  Monadina, 
:they  are  closed  cells,  each  having  its  nucleus  and  contractile 
vesicle ; but  instead  of  freely  swimming  through  the  water,  they 
attach  themselves  by  flexible  peduncles,  sometimes  to  the  stems 
itif  VorticellincB,  but  also  to  filamentous  Algae,  stems  of  Zoophytes,  or 
\ he  bodies  of  larger  animals.  Their  nutriment  is  obtained  through 
i'lehcate  tubular  extensions  of  the  ectosarc,  which  act  as  suctorial 
f-.entocles  (Fig.  302);  the  free  extremity  of  each  being  dilated  into 
i little  knob,  which  flattens  out  into  a button-like  disk  when  it  is 
iipphed  to  a food-particle.  Free-swimming  Infusoria  are  captured 
')y  these  organs,  of  which  several  quickly  bend  over  towards  the  one 
wMch  was  at  first  touched,  so  as  firmly  to  secure  the  prey ; and 
men  several  have  thus  attached  themselves,  the  movements  of 
+ Imprisoned  animal  become  feebler,  and  at  last  cease  altogether, 
ts  body  being  drawn  nearer  to  that  of  its  captor.  Instead,  how- 

I- received  into  its  interior  like  the  prey  of  Actinophrys 
5 399),  the  captured  Animalcule  remains  on  the  outside ; but 
■ fields  up  its  soft  substance  to  the  suctorial  power  of  its  victor.  As 
loon  as  the  sucking  disk  has  worked  its  way  through  the  envelope  of 
e body  to  which  it  has  attached  itself,  avery  rapid  stream,  indicated 
oy  e granules  it  carnes,  sets  along  the  tube,  and  pours  itself  into 
i-  e mterior  of  the  Acineta-body.  Solid  particles  are  not  received 
1/  rough  these  suctorial  tentacles,  so  that  the  Acinetina  cannot  be 


“Quart.  Micr.  Joiim.,”  Vol.  iii.  (1855), p.  24;  r 
dark  m Ann.  hat.  Hist,,’’  Ser.  3,  VoL  xviii.  (18Gc\  p.  429. 


and  II.  James- 


) 

Siutorial  Infusoria: — 1,  Coujugation  of  Podophrya  quadripartita;  I 
2,  formation  of  embryos  by  enlargement  and  subdivision  of  the  [ 
nucleus  ; 3,  Ordinary  foi-m  of  the  same ; 4,  Podophrya  elongata.  | 

protoplasmic  cyclosis,  without  the  formation  of  any  special  ‘diges-  j k 
tive  vesicles.’ — The  ordinary  forms  of  this  group  are  ranked  under!  j 
the  two  genera  Acineta  and  Podophrya  ; which  are  chiefly  distin-  j h 
guished  by  the  presence  of  a firm  envelope  or  lorica  in  the  former,  j i 
while  the  body  of  the  latter  is  naked.  In  one  curious  form,  the  Ophio-t  i 
dendron,  the  suckers  are  borne  in  a brush-like  expansion  on  a long'  < 
I'etractile  proboscis-like  organ.  And  the  rare  Pendrosoma,  v/ho>^e\  t 
size  is  comparatively  gigantic,  forms  b)’’  continuous  gemmation  ani 
arborescent  ‘ colony,’  of  which  the  individual  members  remain  ini  , 
intimate  connection  with  one  another. 

434.  Multiplication  in  this  group  seems  occasionally  to  fakct  s 
place  by  longitudinal  fission ; but  this  is  rare  in  the  adult  | 1 
state.  Sometimes  external  gemmce  are  developed  by  a sort  _of|  i 
pinching-ofi  of  a part  of  the  free  end  of  the  body,  which  in-, 
eludes  a portion  of  the  nucleus;  the  tentacula  of  this  bud  dis-f  > 
appear,  but  its  surface  becomes  clothed  with  cilia;  and,  after  aid 
short  time,  it  detaches  itself  and  swims  away — comporting  itseltf  I 
subsequently  like  the  internal  embryos,  whose  production  seems | s 
the  more  ordinary  method  of  propagation  in  this  type.  These  | d 
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fed  with  indigo  or  carmine ; but,  so  far  as  can  be  ascertained  by 
observation  of  what  goes  on  within  their  bodies,  there  is  a general 
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originate  in  the  brealdng-up  o?  the  nucleus  into  several  segments, 
each  of  which  encloses  itself  in  a protoplasmic  envelope  ; and  this 
1 becomes  clothed  with  cilia,  by  the  vibrations  of  which  the  embryos 
are  put  in  motion  within  the  body  of  the  parent  (Fig.  302,  2),  from 
' which  they  afterwards  escape  by  its  rupture.  In  this  condition  (a) 
i'they  swim  about  freely,  and  seem  identical  with  what  has  been 
i ‘described  by  Ehrenberg  as  a distinct  generic  form , Megatriclia.  And 
, according  to  the  recent  observations  of  Mr.  Eadcock,*  these  Mega- 
I tricha-lorms  multiply  freely  by  self-division.  After  a short  time, 
i however,  they  settle  down  upon  filamentous  Algae  or  other  supports, 
i lose  their  cilia,  put  forth  suctorial  tentacles  (which  seem  to  shoot 
: out  suddenly  in  the  first  instance,  but  are  afterwards  slowly  re- 
I tracted  and  protruded  with  a kind  of  sjoiral  movement),  and  assume 
I a variety  of  amoebiform  shapes  (Fig.  303,  1,  2,  3),  some  of  them 
^ corresponding  to  that  of  the  genus  Triclioplirya.  In  this  stage 


Fig.  303. 


Immature  forms  of  Potloplmja  qnadripartita : — 1,  Ainooboicl  state 
{Trlchophrya  of  ClaparMe  and  Laclimaun);  2,  The  same  more 
advanced ; 3,  Incipient  division  into  lobes. 

they  become  quiescent  at  the  approach  of  -svinter,  the  suctorial 
tentacles  and  the  contractile  vesicles  disappearing ; they  do  not, 
however,  seem  to  acquire  any  special  envelope,  remaining  as  clear, 
t motionless,  protoplasmic  particles.  But  with  the  return  of  warmth 
1 their  development  recommences,  a footstalk  is  formed,  and  they 
: gradually  assume  the  characteristic  form  of  Podophrya  ^uadri- 
partita. — A regular  ‘ conjugation’  has  been  observed  in  this  typo, 
the  body  -of  one  individual  bending  down  so  as  to  apply  its  free 
surface  to  the  corresponding  part  of  another,  with  which  it  becomes 
fnsed  (Fjg.  302,  1) ; Wt  whether  this  always  precedes  the  produc- 
tion of  internal  embryos,  or  is  any  way  preparatory  to  propaga- 
. tion,  has  not  yet  been  ascertained.f 


* “ Joum,  of  Roy.  Microsc.  Soc.,”  Vol.  iii.  (1880),  p.  5G3. 
t Tbc  Acinetina  were  described  both  by  Ehrenberg  and  Dujnrdin  ; but  the 
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435.  Glliata. — As  it  is  in  this  tribe  of  Animalcules  that  the  action 
of  the  organs  termed  Cilia  has  the  most  important  connection  with 
the  vital  functions,  it  seems  desirable  here  to  introduce  a more 
particular  notice  of  them.  They  are  always  found  in  connection 
with  cells,  of  whose  protoplasmic  substance  they  may  be  considered 
as  extensions,  endowed  in  a special  degree  with  its  characteristic 
contractility.  The  form  of  the  filaments  is  usually  a little  flattened, 
tapering  gradually  from  the  base  to  the  point.  Their  size  is  ex- 
tremely variable ; the  largest  that  have  been  observed  being  about 
l-500th  of  an  inch  in  length,  and  the  smallest  about  1 -13,000th. 
When  in  motion,  each  filament  appears  to  bend  from  its  root  to  its 
point,  returning  again  to  its  original  state,  like  the  stalks  of  corn 
when  depressed  by  the  wind ; and  when  a number  are  affected  in 
succession  with  this  motion,  the  appearance  of  progressive  waves 
following  one  another  is  produced,  as  when  a corn-field  is  agitated 
by  successive  gusts.  When  the  ciliary  action  is  in  full  activitjy, 
however,  little  can  be  distinguished  save  the  whirl  of  particles  in 
the  surrounding  fluid ; but  the  back-stroke  may  often  be  perceived, 
when  the  forivarcl-stroke  is  made  too  quickly  to  be  seen;  and  the 
real  direction  of  the  movement  is  then  opposite  to  the  apparent.  In 
this  back-stroke,  when  made  slowly  enough,  a sort  of  ‘ feathering’ 
action  may  be  observed ; the  thin  edge  being  made  to  cleave  the 
liquid,  which  has  been  struck  by  the  broad  surface  in  the  opposite 
direction.  It  is  only  when  the  rate  of  movement  has  considerably 
slackened,  that  the  shape  and  size  of  the  cilia,  and  the  manner  in 
which  their  stroke  is  made,  can  be  clearly  seen.  Their  action  has 
been  observed  to  continue  for  many  hours,  or  even  days,  after  the 
death  of  the  body  at  large. — As  cilia  are  not  confined  to  Animal- 
cules and  Zoophytes,  but  give  motion  to  the  zoospores  of  man}'- 
Protophytes  (§  248),  and  also  clothe  the  free  internal  surfaces  of 
the  respiratory  and  other  passages  in  aU  the  higher  Animals,  in- 
cluding Man  (our  own  experience  thus  assuring  us  that  their  action 
takes  jilace,  not  only  without  any  exercise  of  ivill,  but  even  without 
conscimisness) , it  is  clear  that  to  regard  Animalcules  as  possessing 
a ‘ voluntary’  control  over  the  action  of  their  Cilia,  is  altogether 
unscientific. 

436.  In  the  Ciliated  Infusoria,  the  differentiation  of  the  sarcodic 
substance  into  ‘ ectosarc’  or  cell -wall,  and  ‘ endosarc’  or  cell-con- 
tents, becomes  veiy  complete;  the  ectosarc  possessing  a mem- 
branous firmness  which  prevents  it  from  readily  yielding  to  pres- 

first  full  accouut  of  their  peculiar  organization  was  given  by  Stein  in  his 
“Organismus  der  lufusionsthierchen.”  Misled,  liowevei’,  by  their  panisitie 
habits,  Stein  originally  supposed  them  not  to  be  independent  types,  but  to  ho 
merely  transitional  stages  in  the  development  of  Voiiicellince  and  other  Ciliato 
Infusoria.  This  doctiaue  he  has  long  since  abandoned;  but  it  is  not  a little 
singular  that  the  young  of  several  true  Ciliata  come  forth  provided  with  suc- 
torial tentacles  as  well  as  with  cilia,  losing  the  former  as  they  apiyoxiinate 
with  advancing  growth  towards  the  parental  type.  Much  information  as  to 
this  groiip  will  also  be  found  in  the  beautiful  “Etudes  sur  lys  lufusoires 
c't  les  Ilhizopodes”  of  MM.  Claxiar6de  aud  Laehmauu,  Geneva,  1858-Gl. 
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f sure,  and  having  a definite  internal  limit,  instead  of  graduating 
insensibly  (as  in  Rhizopods)  into  the  protoplasmic  layer  which 
lines  it.  A ‘nucleus’  seems  always  present;  being  sometimes 


Fig.  304. 

A B 


A,  Keroiia  sUiirtis: — a,  cout.racl.ile  ve.sicle;  b,  inoutli  ; c,  c, 
Animalcules  swallowed  liy  tlie  Iveroua,  after  having  them- 
selves ingested  particles  of  indigo,  n,  Paramecium  cauclalum; 

—a,  a,  contractile  vesicles  ; b,  mouth. 

‘ ‘parietal’  (or  adherent  to  the  interior  of  the  ectosarc),  in  other 
(.•  cases  lying  in  the  midst  of  the  endosarc.  In  many  Gdiata  a dis- 
t tinct  ‘ cuticle’  or  exudation-layer  may  be  recognized  on  the  surface 
< of  the  ectosarc ; and  this  cnticle,  which  is  studded  with  regularly 
. arranged  markings  like  those  of  Diatomacese,  seems  to  be  the  repi'e- 
' sentative  of  the  carapace  of  Arcella,  &c.  (Fig.  291),  as  of  the  cellulose 
' coat  of  Protophytes.  It  is  sometimes  hardened,  so  as  to  form  a 
‘ .shield’  that  protects  the  body  on  one  side  only,  or  a ‘ lorica’  that  com- 
, pletely  invests  it ; and  there  are  other  cases  in  which  it  is  so  pro- 
' longed  and  doubled  upon  itself,  as  to  form  a sheath  resembling  the 
‘ cell’  of  a Zoophyte,  within  which  the  body  of  the  Animalcule  lies 

■ loosely,  being  attached  only  by  a stalk  at  the  bottom  of  the  case, 
u and  being  able  either  to  project  itself  from  the  outlet  or  to  retract 
■’  itself  into  the  interior.  In  a curious  group  lately  described  by 
1 Haeckel,  consisting  of  Infusoria  that  spend  their  lives  in  the  open 
» sea,  the  body  is  enclosed  in  a siliceous  lattice-work  shell,  usually 

■ bell-shaped  or  helmet-shaped,  which  bears  so  strong  a resemblance 
^ to  the  shells  of  many  Radiolaria  as  to  be  easily  mistaken  for  them. 

I The  form  of  the  body  is  usually  much  more  definite  than  that  of  the 
0 naked  Rhizopods;  each  species  having  its  characteristic  shape,  which 
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13  only  departed  from,  for  the  most  part,  -when  the  Animalcule  is  sub-i 
jected  to  pressure  from  -without, or  when  its  cavity  has  been  distcndeJl 

by  the  ingestion  of  any  sub-i 


Fio.  305. 


stance  above  the  ordinary) 
size.  The  cilia  and  other  mo-t 
bile  appendages  of  the  body) 
are  extensions  of  the  outer) 
layer  of  the  ‘ectosarc’  proper;) 
and  this  layer,  which  retains) 
a high  degree  of  vital  acti-t 
vity,  is  sometimes  designated! 
the  ‘ cilia-layer.’  Beneath) 
this  is  a layer  in  which  (or) 
iu  certain  bands  of  which)! 
regular,  parallel,  fine  striae); 
may  be  distinguished  ; and| 
as  this  striation  is  also  di.g-[ 
tinguishable  in  the  eminently)  ! 
contractile  footstalk  of  Vorti-i- 
cella{Fig.  305,  b),  there  seems),: 
good  reason  to  regard  it  as) 


indicating  a special  modifi-^, 


cation  ot  protoplasmic  sub- 1 1 


Group  of  Vorticdla  ‘iiebuN/era,  showing 
A,  tlio  ordinary  form ; n,  the  same  with  the 
stalk  contracted ; c,  the  same  -with  the  bell 
closed ; n,  e,  f,  successive  stages  of  fissi- 
parous  multiplication. 


stauce,  which  resembles 
muscle  in  its  endowments. 
Hence  this  is  termed  the 
‘ myophan-layer.’  Beneath 
this,  in  certain  species  of 
Infusoria,  there  is  found  a 
thin  stratum  of  condensed  i 
protoplasm,  including  minute 
‘ trichooysts,’  which  resemble 
in  miniature  the  ‘ thread- 


cells’  of  Zoophytes  (§  528) ; and  this,  where  it  exists,  is  known  as 
the  ‘ trichocj'-st-layer.’ 

437.  The  vibration  of  ciliary  filaments, — which  are  either  disposed 
along  the  entire  margin  of  the  body,  as  well  as  around  the  oral 
aperture  (Fig.  305,  a,b),  or  are  limited  to  some  one  part  of  it,  which  is 
always  in  the  immediate  vicinity  of  the  mouth  (Fig.  304), — supplies 
the  means  in  this  group  of  Infusoria,  both  for  progression  through 
the  tvater,  and  for  drawing  alimentary  particles  into  the  interior 
of  their  bodies.  In  some,  their  vibration  is  constant,  whilst  in  others 
it  is  only  occasional.  The  modes  of  movement  which  Infusory  Ani- 
malcules execute  by  means  of  these  instruments,  are  extremely  varied 
and  remarkable.  Some  propel  themselves  directly  forwards,  with  a 
velocity  which  appears,  when  thus  highly  magnified,  like  that  of 
an  aiTow,  so  that  the  eye  can  scarcely  follow  them  ; -whilst  others 
drag  their  bodies  slowly  along  like  a leech.  Some  attach  them- 
selves by  one  of  their  long  filaments  to  a fixed  point,  and  revolve 
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around  it  with  great  rapidity ; whilst  others  move  by  undulations, 
leaps,  or  successive  gyrations  : in  short,  there  is  scarcely  any  kind 
of  animal  movement  which  they  do  not  exhibit.  But  there  are  cases 
I in  which  the  locomotive  filaments  have  a bristle-like  firmness,  and, 
1 instead  of  keeping  themselves  in  rapid  vibration,  are  moved  (like  the 
spines  of  Echini)  by  the  contraction  of  the  integumentfrom  which  they 
j . arise,  in  such  a manner  that  the  Animalcule  crawls  by  their  means 
over  a solid  surface,  as  we  see  especially  in  Trichoda  lynceus  (Eig. 
if08,  P,  q). — In  Chilodon  and  Nassula,  again,  the  mouth  is  provided 
with  a circlet  of  plications  or  folds,  looking  hke  bristles,  which, when 
imperfectly  seen,  received  the  designation  of  ‘ teeth their  function, 
however,  is  rather  that  of  laying  hold  of  alimentary  particles  by 
their  expansion  and  subsequent  drawing-together  (somewhat  after 
the  fashion  of  the  tentacula  of  Zoophytes),  than  of  reducing  them 
by  any  kind  of  masticatory  process.— The  curious  contraction  of  the 
foot-stalk  of  the  Vorticella  (Fig.  305),  again,  is  a movement  of  a diffe- 
rent nature,  being  due  to  the  contractility  of  the  tissue  that  occupies 
the  interior  of  the  tubular  pedicle.  This  stalk  serves  to  attach  the 
bell-shaped  body  of  the  Animalcule  to  some  fixed  object,  such  as 
a leaf  or  stem  of  duck- weed  ; and  when  the  animal  is  in  search  of 
food,  with  its  cilia  in  active  vibration,  the  stalk  is  fully  extended. 

; If,  however,  the  Animalcule  should  have  drawn  to  its  mouth  any 
particles  too  large  to  be  received  within  it,  or  should  be  touched 
by  any  other  that  happens  to  be  swimming  near  it,  or  should  be 
i ‘jarred’  by  a smart  tap  on  the  stage  of  the  Microscope,  the  stalk 
; suddenly  contracts  into  a spiral,  from  which  it  shortly  afterwards 
i extends  itself  again  into  its  previous  condition.  The  central  cord, 
i to  whose  contractility  this  action  is  due,  has  been  described  as 
muscular,  though  not  possessing  the  characteristic  structure  of 
: either  kind  of  muscular  fibre ; it  possesses,  however,  the  special 

I irritabihty  of  muscle,  being  instantly  called  into  contraction  (accord- 
:i  ing  to  the  observations  of  Kiihne)  by  electrical  excitation.  The 
only  special  ‘ impressionable  ’ organs*  for  the  direction  of  their 
! actions,  with  the  possession  of  which  Infusoria  can  be  credited, 
are  the  delicate  bristle-like  bodies  which  project  in  some  of 
|l  them  from  the  neighbourhood  of  the  mouth,  and  in  Stent, or  from 
k various  parts  of  the  surface.  The  red  spots  seen  in  many 
InfusoHa,  which  have  been  designated  as  eyes  by  Prof.  Ehrenberg 
P from  their  supposed  correspondence  with  the  eye-spots  of  Botifera 
(§  447),  really  bear  a much  greater  resemblance  to  the  red  spots 
i'  which  are  so  frequently  seen  among  Protophytes  (§  230). 

! 438.  The  interior  of  the  body  does  not  always  seem  to  consist 

; of  a simple  undivided  cavity  occupied  by  soft  sarcode ; for  the 
i tegumentary  layer  appears  in  many  instances  to  send  prolonga- 
tions across  it  in  different  directions,  so  as  to  divide  it  into  chambers 

, * The  term  ‘organs  of  sense’ implies  a conscimisiie.’is  of  impressions,  witli 

' 'vhich  it  is  difReult  to  conceive  that  unicellular  Infusoria  c.an  be  endowed. 
’ The  component  cells  of  the  Human  body  do  their  work  without  themselves 
' knowing  it. 
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® communicating  with  each  other  which 

may  be  ocyed  either  by  sarcode,  or  by  particles  introduced  from 
^l^Pntary  particles  which  can  be  distinguished  in 
tnnh  f transparent  bodies  of  Infusoria,  are  usually  Pro- 

tophytes  of  various  kinds,  either  entire  or  in  a fragmentary  state 

ordinary  food  of  many;  ^d  the 
insolubility  of  their  loriccB  enables  the  observer  to  recognize  then^ 

Infusoria  are  observed  within 
the  bodies  of  others  not  much  exceeding  them  in  sizelFio-,  308  nl  • 
hut  this  IS  only  when  they  have  been  recently  swallowed,  since 
the  prey  speedily  undergoes  digestion.  It  would  seem  as  if  these 
creatures  do  not  feed  by  any  means  indiscriminately,  since 
particuUi  kinds  of  them  are  attracted  by  particular  kinds  of 
aliment;  the  crushed  bodies  and  eggs  of  Entomostraca,  for 
example,  are  so  voraciously  consumed  by  the  Coleps,  that  its  bodv 
IS  sometimes  quite  altered  in  shape  by  the  diste^ion.  This  cir- 
cumstance, however,  by  no  means  proves  that  such  creatures 
possess  a sense  of  taste  and  a power  of  determinate  selection  • 
tor  many  instances  might  be  cited,  in  which  actions  of  the  like 
apparently-conscious  nature  are  performed  without  any  such  cruid- 
auce.-— I he  ordinary  process  of  feeding,  as  well  as  the  nature”  and 
direction  of  the  ciliary  currents,  may  be  best  studied  by  diffusing 
thioiigh  the  water  containing  the  Animalcules  a tew  particles  of 
indigo  or  carmine.  These  may  be  seen  to  be  carried  by  the  ciliary 
vortex  into  the  mouth,  and  their  passage  may  be  traced  for  a little 
distance  down  a short  (usually  ciliated)  oesophagus.  There  they 
commonly  become  aggregated  together,  so  as  to  form  a little  pellet 
of  nearly  globular  form;  and  this,  when  it  has  attained  the  size  of 
the  hollow  within  which  it  is  moulded,  seems  to  receive  an  invest- 
ment of  firm  sarcodic  substance,  resembling  the  ‘ digestive  vesicles" 
of  Noctiluca  (§^  428),  and  to  be  then  projected  into  the  softer 
eudosarc  of  the  interior  of  the  cell,  its  jilace  in  the  oesophagus  being 
occupied  by  other  particles  subsequently  ingested.  (This  ‘ mould- 
ing,  however,  is  by  no  means  universal ; the  aggregations  of 
coloured  particles  in  the  bodies  of  Infusoria  being  often  destitute  of 
any  regularity  of  form.)  A succession  of  such  pellets  being  thus  intro- 
duced into  the  cell-cavity,  a kind  of  circulation  is  seen  to  take  place 
in  its  interior  those  that  first  entered  making  their  way  out  after 
a^  time  (first  yielding  up  their  nutritive  materials),  generally  by  a 
distinct  anal  orifice,  but  sometimes  by  the  mouth.  When  the  pellets 
are  thus  moving  round  the  body  of  the  Animalcule,  two  of  them 
sometimes  appear  to  become  fused  together,  so  that  they  obviously 
cannot  have  been  separated  by  any  firm  membranous  investment. 
When  the  Animalcule  has  not  taken  food  for  some  time,  ‘vacuoles,’ 
or  clear  spaces,  extremely  variable  both  in  size  and  number,  filled 
only  with  a very  transparent  fluid,  are  often  seen  in  its  sarcode ; 
and  their  fluid  sometimes  shows  a tinge  of  colour,  which  seems  to  be 
due  to  the  solution  of  some  of  the  vegetable  chlorophyll  upon  which 
the  Animalcule  may  have  fed  last. 


CILIATED  INEUSOEIA. 


521 


439.  Contractile  Vesicles  (Fig.  304,  a,  a),  nsually  about  the  size  of 
the  ‘ vacuoles,’  are  found,  either  singly  or  to  the  number  of  from  two 
to  sixteen,  in  the  bodies  of  most  ciliated  Animalcules  ; and  may  be 
seen  to  execute  rhythmical  movements  of  contraction  and  dilata- 
tion at  tolerably  regular  intervals  ; being  so  completely  obliterated, 

■ when  emptied  of  their  contents,  as  to  be  quite  nndistinguishable, 

, and  coming  into  view  again  as  they  are  refilled.  These  vesicles 
do  not  chauge  their  position  in  the  individual,  and  they  are  pretty 
constant,  both  as  to  size  and  place,  in  different  individuals  of  the 
same  species  ; hence  they  are  obviously  quite  different  in  character 
. from  the  ‘vacuoles.’  In  Paramecium  there  are  always  to  be 
observed  two  globular  vesicles  (Fig.  304,  b,  a,  a),  each  of  them  sur- 
rounded by  several  elongated  cavities,  arranged  in  a radiating 
: manner,  so  as  to  give  to  the  whole  somewhat  of  a star-like  aspect 

(Plate  XIV.,  fig.  1,  V,  v) ; and  the  liquid  contents  are  seen  to  be  pro- 
1 pelled  from  the  former  into  the  latter,  and  vice  versa.  Further,  in 
1 Stentor,  a complicated  network  of  canals,  apparently  in  connexion 
'!  with  the  contractile  vesicles,  has  been  detected  in  the  substance  of 
i the  ‘ ectosarc ;’  and  traces  of  this  may  be  observed  in  other 
^ Infusoria.  In  some  of  the  larger  Animalcules,  it  may  be  distinctly 
^ seen  that  the  contractile  vesicles  have  ijermanent  valvular  orifices 
■opening  outwards,  and  that  an  expulsion  of  fluid  from  the  body 
into  the  water  around  it  is  effected  by  their  contraction.  Hence 
it  appears  likely  that  their  function  is  of  a respiratory  nature ; 
and  that  they  serve,  like  the  giU-openiugs  of  Fishes,  for  the  expul- 
sion of  water  which  has  been  taken-in  by  the  mouth,  and  which 
has  traversed  the  interior  of  the  body.  (See  § 399.) 

440.  Of  the  Reproduction  of  the  Ciliated  Infusoria,  our  knowledge 
is  still  very  imperfect ; for  although  various  modes  of  multiplication 
have  been  observed  among  them,  it  still  remains  doubtful  whether 
-any  process  takes  place,  that  can  be  regarded— like  the  conjugation 
of  the  Monadina  (§  418) — as  analogous  to  the  sexual  Generation 
of  higher  organisms.  Binary  subdivision  would  seem  to  be  universal 
amongthem;  and  has  in  many  instances  been  observed  (as  elsewhere) 
to  commence  in  the  nucleus.  The  division  takes  place  in  some 
species  longitudinally,  that  is  in  the  direction  of  the  greatest  length 
of  the  body  (Fig.  305,  n,  E,  e),  in  other  species  transversely  (Fig.  308, 
c,  d),  whilst  in  some,  as  in  Ghilodon  cuctdlulus  (Fig.  o06),  it  has 
been  supposed  to  occur  in  either  direction  indifferently.  But 

i it  may  be  questioned  whether,  in  this  latter  case,  one  set  of 
j the  apparent  ‘fissions’  is  not  really  ‘conjugation’  of  two  indi- 
j viduals. — This  duplication  is  performed  with  such  rapidity,  under 
favoui-able  circumstances,  that,  according  to  the  calculation  of 
Prof.  Ehrenberg,  no  fewer  than  268  millions  might  be  produced  in 
-a  mouth  by  the  repeated  subdivisions  of  a single  Paramecium: 
When  this  fission  occurs  in  Vorticella  (Fig.  305),  it  extends  down 
the  stalk,  which  thus  becomes  double  for  a greater  or  less  part  of 
its  length ; and  thus  a whole  bunch  of  these  Animalcules  may 
■spring  (by  a repetition  of  the  same  process)  from  one  base.  In 
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sumo  mcinbcra  of  fte  some  family,  arborescent  structures  are  m-o- 
.luecd  resembling  that  of  aodc,.i,,a,  I'ig.  29ti),  by  the  like 


1' issijyarous  multiplication  of  Ckilodon  cucullulus: — A,  n,  c, 
fiuccessive  stages  of  longitudinal  fission  (?) ; d,  e,  v,  succes- 
sive stages  of  transverse  fission. 

ol:  contiiiTious  subdivision. — Another  curious  result  of  this  mode 
ot  multiplication  i^resents  itself  in  the  family  Ophrydina; 
inasses  of  individuals,  which  separately  resemble  certain  Vor- 
■tcelkna,  being  found  imbedded  in  a gelatinous  substance  of  a ; 
gieenish  colour,  sometimes  adherent,  and  sometimes  free.  These 
masses,  which  may  attain  the  diameter  of  four  or  five  inches,  i 
^ strong  general  resemblance  to  a mass  of  Nostoc  ' ■ 
(5  ^47),  or  even  of  Frogs’  spawn,  as  to  have  been  mistaken  for 
.such ; . but  they  simply  result  from  the  fact,  that  the  multitude 
.^^dividuals  produced  by  a repetition  of  the  process  of  self- 
division,  remain  connected  with  each  other  for  a time  by  a gela- 
tinous exudation  from  the  surface  of  their  bodies,  instead  of  at  ! 
once  becoming  completely  isolated.  From  a comparison  of  the 
dimensions  of ^ the  individual  Oplirydia,  each  of  which  is  ■ about  j 
l-120th  of  an  inch  in  length,  with  those  of  the  composite  masses, 
some  estimate  may  be  formed  of  the  number  included  in  the 
latter ; for  a cubic  inch  would  contain  nearly  eight  viillions  of  them, 
if  closely  packed  ; and  many  times  that  number  must  exist  in  the 
larger  masses,  even  making  allowance  for  the  fact  that  the  bodies  of  I 
separated  from  each  other  by  their  gelatinous 
cushion,  and  that  the  masses  have  their  central  portions  occupied  > • 

by  water  only.  ^ Hence  we  have,  in  such  clusters,  a distinct  jiroof  ’ 

of  the  extraordinary  extent  to  which  multiplication  by  duplicative 
subdivision  may  proceed,  without  the  interposition  of  any  other  | 
operation.  These  Animalcules,  however,  free  themselves  at  times  ; 
from  their  gelatinous  bed,  and  have  been  observed  to  undergo  an 
‘ encysting  proce.ss  ’ corresponding  with  that  of  the  Vorticellina.  j 
44 1 . Many,  perhaps  all,  ciliated  Infusoria  at  certain  times  undergo 
an  encysting  proeess,  resembling  the  passage  of  Protophytes  into  the 
‘ still  ’ condition  (§  231),  and  apparently  serving,  like  it,  as  a provi- 
sion for  their  preservation  under  circumstances  which  do  not  permit 
tlie  continuance  of  their  ordinary  vital  activit3'.  Previously  to  the 
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formation  of  the  cyst,  the  movements  of  the  animalcule  diminish 
in  vigoiTr,  and  gradually  cease  altogether ; its  form  becomes  more 


Fig.  307. 


Eucystiug  process  iu  Vorticdla  microstoma: — A,  fall-gro\v':i 
individual  in  its  encysted  state ; a,  retracted  oval  circlet  of 
cilia;  i»,  nucleus.;  c,  contractile  vesicle  ; — it,  a cyst  separated 
from  its  stalk; — c,  the  same  more  advanced,  the  nucleus 
broken-up  into  spore-like  globules ; — D,  the  same  more  deve- 
loped, the  original  body  of  the  Vorticella,  rf,  having  become 
sacculated,  and  containing  many  clear  spaces  ; — at  E,  one  of 
the  sacculatious  having  burst  through  the  enveloping  cyst, 
a gelatinous  mass,  e,  containing  the  gemmules,  is  discharged. 

rounded ; its  oral  aperture  closes  ; and  its  cilia  or  other  filamentous 
prolongations  are  either  lost  or  retracted,  as  is  well  seen  in  Vorti- 
cella  (Fig.  307,  a).  A new  wreath  of  cilia,  however,  is  developed 
near  the  base,  and  in  this  condition  the  animal  detaches  itself  from 
its  stem,  and  swims  freely  for  a short  time,  soon  passing,  however, 
into  the  ‘ still  ’ condition.  The  surface  of  the  body  then  exudes  a 
gelatinous  excretion  that  hardens  around  it  so  as  to  form  a com- 
plete coflSn-hke  case,  within  which  little  of  the  original  structure 
of  the  animal  can  be  distinguished.  Even  after  the  completion  of 
the  cyst,  however,  the  contained  animalcule  may  often  be  observed 
to  move  freely  within  it,  and  may  sometimes  be  caused  to  come 
forth  from  its  prison  by  the  mere  application  of  warmth  and 
moisture.  In  the  simplest  form  of  the  ‘ encysting  process,’  indeed, 
the  animalcule  seems  to  remain  altogether  quiescent  through  the 
whole  period  of  its  torpidity ; so  that,  however  long  may  be  the 
duration  of  its  imprisonment,  it  emerges  without  any  essential 
change  in  its  form  or  condition.  But  in  other  cases,  this  process 
seems  to  be  subservient  either  to  multiphcation  or  to  metamor- 
phosis. For  in  Vorticella,  the  substance  of  the  encysted  body  (b) 
appears  to  break  up  (c,  d)  into  eight  or  nine  segments,  which,  when 
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set  free  by  tlio  bursting  of  tbe  cyst,  come  forth  as  spontaneous]  v 
moving  spherules.  Each  of  these  soon  increases  in  size,  developes  a I’ 
ciliary  wreath  within  which  a mouth  makes  its  appearance,  and  ii 
gradually  assumes  tbe  form  of  the  Trklwclina  fjrancUnella  of  Ehrcn- 
berg  It  then  developes  a posterior  wreath  ox  cilia,  and  multiplies 
by  transverse  fission;  each  half  fixes  itself  by  the  end  ou 
which  the  mouth  is  situated,  a short  stem  becomes  developed, 
and  the  cilia-wreath  disappears.  A new  mouth  and  cilia-wreath' 
tfieii  form  at  the  free  extremity ; and  the  growth  of  the  stem 
coinjAetes  the  development  into  the  true  Vorticcllan  form.*— 
n Tnchoda  lynceus,  again,  the  ‘encysting  process’  appears 
subservient  to  a like  kind  of  metamorphosis;  the  form  which  i 
emerges  from  the  cyst  differing  in  many  respects  from  that  r 
ot  the  animalcule  which  became  encysted.  According  to  M.  j 
J ules  Haime,  by  whom  this  history  was  very  carefully  studied,f  I 
tlie  form  to  be  considered  as  the  larval  one,  is  that  shown  i 

in  Fig  308,  A-E,  which  has  been  described  by  Prof.  Ehrenberg 

j 1 Oxytriclia.^  This  possesses  a long,  narrow,  j 

nattened  body,  furnished  with  cilia  along  the  greater  part  of  both 
margins,  and  having  also  at  its  two  extremities  a set  of  larger  and 
stronger  hair-hke  filaments ; and  its  mouth,  w^hich  is  an  oblique 
slit  on  the  right-hand  side  of  its  fore-part,  has  a fringe  of  minute 
cilia  on  each  lip.  Through  this  mouth  large  particles  are  not 
unfrequently  swallowed,  which  are  seen  lying  in  the  midst  of  the 
endosaic  without  any  surrounding  vesicle ; and  sometimes  even  an 
Animalcule  of  the  same  species,  but  in  a different  stage  of  its  hfe,  is 

of  one  of  these  voracious  little  devourers  (b).  [I 
n this  phase  of  its  existence,  the  Trichoda  undergoes  multiplica- 
tion  by  transverse  fission,  after  the  ordinaiy  mode  (c,  n) ; and  it  is 
usually  one  of  the  short-bodied  ‘ doubles  ’ (e)  thus  produced,  that 
passes  into  the  next  phase.  This  jihase  consists  in  the  assumption 
ot  the  globular  form,  and  the  almost  entire  loss  of  the  locomotive 
ajipendages  (f);  in  the  escape  of  successive  portions  of  the  granular 
sarcode,  so  that  ‘ vacuoles  ’ make  their  appearance  (g)  ; and  in  the 
formation  of  a gelatinous  envelope  or  cyst,  which,  at  first  soft, 
atterwpds^  acqmres  increased  firmness  (h).  After  remaining  for 
.some  time  in  this  condition,  the  contents  of  the  cyst  become  clearly 
their  envelope;  and  a space  appears  on  one  side,  in 
which  ciliary  movement  can  be  distinguished  (i).  This  space 
gradually  extends  all  round,  and  a further  discharge  of  granular 
matter  takes  place  from  the  cyst,  by  which  its  form  becomes 
altered  (k);  and  the  distinction  between  the  newly-formed  body  to 
which  the  cilia  belong,  and  the  effete  residue  of  the  old,  becomes 
more  and  more  apparent  (l).  The  former  increases  in  size,  whilst 
the  latter  diminishes  •,  and  at  last  the  former  makes  its  escape 
through  an  aiierture  in  the  wall  of  the  cyst,  a part  of  the  latter 

* Evei-t.s,  “ Untersucliimgon  an  X^or</cc/Z«  lic&K/ycj-fl,”  quoted  by  Prof. -Mlnian, 

2oc.  cii, 

t “ Anualcs  dos  Soi.  N.at.,”  .“^or.  .3,  Tom.  xix.  (18i53),  p.  10£). 
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still  vemaining  witliin  its  cavity  (ii).  The  body  thus  discharged 
(x)  does  not  differ  much  in  a^Dpearance  from  that  of  the  Oxytricha 


Fig.  308. 


Metamorplioses  of  Tnclwdd  hjncens : — A,  larva  (^Oxntricha)  ; 

B,  a similar  larva,  after  svallowiug  the  animalcule  repre- 
seuted  at  M;  c,  a very  large  individual  on  the  point  of  under- 
going fission  ; n,  another  in  which  the  process  has  advanced 
further;  E,  one  of  the  products  of  such  fission  ; F,  the  same 
body  become  spherical  and  motionless ; G,  aspect  of  this 
sphere  fifteen  days  afterwai’ds;  ii,  later  condition  of  the 
sjime,  showing  the  formation  of  the  cyst ; i,  incipient  separa- 
tion between  living  substance  and  exuvial  matter ; K,  pai’tial 
discharge  of  the  latter,  with  flattening  of  the  sphere  ; L,  more 
distinct  formation  of  the  confined  animal ; M,  its  escape  from 
the  cyst ; x,  its  appearance  some  days  afterwai’ds ; o,  more 
advanced  stage  of  the  same  ; p,  q,  perfect  Aspkliscas,  one  as 
seen  sideways,  moving  on  its  biistles,  the  other  as  seen  from 
below  (magnified  twice  as  much  as  the  preceding  figures). 

before  its  encystment  (f),  tbougb.  of  only  about  two-tbirds  its 
diameter;  but  it  soon  developes  itself  (o,  p,  q)  into  an  Animalcule 
very  different  from  that  in  which  it  originated.  First  it  becomes 
stiff  smaller,  by  the  discharge  of  a portion  of  its  substance ; 
numerous  very  stiff  bristle-like  organs  are  developed,  on  which  the 
Animalcule- creeps,  as  by  legs,  over  solid  surfaces;  the  external 
integument  becomes  more  consolidated  on  its  upper  surface,  so  as 
to  become  a kind  of  carapace ; and  a mouth  is  formed  by  the 
opening  of  a slit  on  one  side,  in  front  of  which  is  a single  hair-like 
flagellum,  which  tui’ns  round  and  round  with  great  rapidity, 
so  as  to  describe  a sort  of  an  inverted  cone,  whereby  a current  is 
brought  towards  the  mouth.  This  latter  form  had  been  described 
by  Prof.  Ehrenbei’g  under  the  name  of  Asjndisccf:  It  is  very  much 
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snialler  tlian  tlie  larva  ; the  difFerence  beinpr,  in  fact,  twice  as  great 
as  that  which  exists  between  a and  v,  q (Fig.  308),  since  the  last 
two  tignres  are  drawn  nnder  a magnifying  power  double  that 
employed  for  the  preceding.  How  the  Aspidisca-i'orm  in  its  turn 
gives  origin  to  the  Oxijtricha-loxm,  has  not  yet  been  made  out. — A 
similar  ‘ encysting  process’  has  been  observed  to  take  place  among 
several  other  forms  of  ciliated  Infusoria ; so  that,  considering  the 
strong  general  resemblance  in  hind  and  degree  of  organization 
which  prevails  throughout  tbe  group,  it  does  not  seem  unlikelv 
that  it  may  occur  at  some  stage  of  the  life  of  nearly  all  these 
Animalcules.  And  it  is  not  improbably  in  the  ‘ encysted  ’ condi- 
tion that  their  dispersion  chiefly  takes  place,  since  they  have  been 
found  to  endure  desiccation  in  this  state,  although  in  their  ordinary 
condition  of  activity  they  cannot  be  dried-up  without  loss  of  life. 
When  this  circumstance  is  taken  into  account,  in  conjunction  with 
the  extraordinary  rapidity  of  multiplication  of  these  Animalcules, 
there  seems  no  difficulty  in  accounting  for  the  universality  of  their 
diffusion.  It  may  be  stated  as  a general  fact,  that  wherever  de- 
caying Organic  matter  exists  in  a liquid  state,  and  is  exposed  to  air 
and  warmth,  it  speedily  becomes  peopled  with  some  or  other  of  these 
minute  inhabitants  : and  it  may  be  fairly  presumed  that,  as  in  the 
case  of  the  Fungi,  the  dried  cysts  or  germs  of  Infusoria  ai-e  eveiy- 
where  floating  about  in  the  air,  ready  to  develope  themselves 
wherever  the  appropriate  conditions  are  presented ; while  all  our 
knowledge  of  their  history  seems  further  to  justify  the  belief,  that 
(in  some  instances,  at  least)  the  same  germs  may  develope  themselves 
into  a succession  of  forms  so  different,  as  to  have  been  regarded  as 
distinct  specific  or  even  generic  types. 

412.  A very  impoi-tant  advance  was  supposed  to  have  been  made 
in  this  direction,  by  the  asserted  discovery  of  M.  Balbiani*  that  a 
true  process  of  sexual  generation  occurs  among  Infusoria;  his 
observations  having  led  him  to  the  conclusion  that  male  and  female 
organs  are  combined  in  each  individual  of  the  numerous  genera  he 
has  examined,  but  that  the  congress  of  two  individuals  is  necessai-y 
for  the  impregnation  of  the  ova,  those  of  each  being  fei-tilized  by 
the  spermatozoa  of  the  other.  He  regards  the  ‘nucleus’  as  an 
ovarium  or  aggregation  of  germs,  whilst  the  ‘ nucleolus’  is  really  a 
testis  or  aggregation  of  spermatozoids.  The  particular  form  and 
Ijosition  which  these  organs  present,  and  the  nature  of  the  changes 
■which  they  undergo,  vary  in  the  several  types  of  Infusoria ; but  as 
we  have  in  the  common  Paramecium  aurelia  an  example,  which, 
although  exceptional  in  some  particulars,  affords  peculiar  facilities 
for  the  observation  of  the  process,  and  has  been  most  completely 
studied  by  M.  Balbiani,  it  is  here  selected  for  illustration. — This 
Animalcule,  as  is  well  known,  multiplies  itself  with  great  rapidity 

* Seoliis  “Eechorclies  sixi- les  Phdnom^nes  Soxuels  des  Infusoires,”  in  Dr. 
Brown-Sdqimrd’s  “Journal  de  la  Pbysiologie,’’  for  18G1.  An  abstract  of  llicsc 
vosiiarcbcs  is  contained  in  the  “ Quart.  Joura.  of  Microsc.  Science,”  for  July 
find  October,  1862. 
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{under  favourable  circumstances)  by  duplicative  subdivision,  wbicli 
, always  takes  place  in  the  transverse  direction ; and  the  condition 
■ rejn-eseuted  in  Plate  xiv.,  figs.  1,  2,  is  not,  as  has  been  usually 
supposed,  another  form  of  the  same  process,  but  is  really  the 
sexual  congress  of  two  individuals  previously  distinct.  When  the 
period  arrives  at  which  the  Paraviecia  are  to  propagate  in  this 
manner,  they  are  seen  assembling  upon  certain  parts  of  the  vessel, 
. either  towards  the  bottom  or  on  the  walls  ; and  they  are  soon  found 
; coupled  in  pairs,  closely  adherent  to  each  other,  with  their  similar 
; extremities  turned  in  the  same  direction,  and  their  two  mouths 
. closely  applied  to  one  another,  but  still  continuing  to  move  freely 
in  the  liquid,  turning  constantly  round  upon  their  axes.  This 
• conjugation  lasts  for  five  or  six  days,  during  which  period  very  im- 
portant changes  take  place  in  the  condition  of  the  reproductive 

V organs.  In  order  to  distinguish  these,  the  Animalcules  should,  be 
j slightly  flattened  by  compression,  and  treated  with  acetic  acid. 

\ which  brings  the  reproductive  apparatus  into  more  distinct  view, 

; as  shown  in  figs.  1-5.  In  fig.  1 each  individual  contains  an 

V ovarium  a,  which  is  shown  to  present  in  the  first  instance  a smooth 
surface ; and  from  this  there  proceeds  an  excretory  canal  or  ovi- 

V duct  c,  that  opens  externally  at  about  the  middle  of  the  length  oi' 
: the  body  into  the  buccal  fissure  e.  Each  individual  also  contains 
; a seminal  capsule  b,  in  which  is  seen  lying  a bundle  of  sperma- 
: tozoids  curved  u^Don  itself,  and  which  communicates  by  an  elongated 
' neck  with  the  orifice  ofthe  excretory  canal.  The  successive  stages 
I by  which  the  seminal  capsule  arrives  at  this  condition,  from  that  of 
: a simple  cell,  whose  granular  contents  resolve  themselves  (as  it 
<were)  into  a bundle  of  filaments,  are  shown  in  figs.  6-10.  In 
'.fig.  2 the  surface  of  the  ovary,  a,  is  seen  to  present  a lobulated 
; appearance,  which  is  occasioned  by  the  commencement  of  its  reso- 
llution  into  separate  ova;  while  the  seminal  capsule  is  found  to 
lhave  undergone  division  into  two  or  four  secondary  capsules,  h,  b, 
i each  of  which  contains  a bundle  of  spermatozoa  now  straightened 
( out.  This  division  takes  place  by  the  elongation  of  the  capsule 
i into  the  form  repi'csented  in  fig.  il,  and  by  the  naiTowing  of  the 
( central  portion  whilst  the  extremities  enlarge ; the  further  multi- 
; plication  being  effected  by  the  rej^etition  of  the  same  process  of 
I elongation  and  fission.  In  fig.  3,  which  represents  one  of  the  in- 
' dividuals  still  in  conjugation)  the  four  seminal  capsules,  b,  b,  are 
' repmsented  as  thus  elongated  in  preparation  for  another  sub- 
< division ; whilst  the  ovary,  a,  a,  has  begun  as  it  were  to  unroll 
: itself,  and  to  break-up  into  fragments  which  are  connected  by  the 
t tube,  m.  It  is  in  this  condition  that  the  object  of  the  conjugation 
i appears  to  be  effected,  by  the  passage  of  the  seminal  capsules  of 
( each  individual,  previously  to  their  complete  maturation,  into  the 
1 body  of  the  other.  In  fig.  4 is  shown  the  condition  of  a Para- 
1 mecmm  ten  hours  after  the  conclusion  of  the  conjugation;  the 
c ovary  has  here  completely  broken-up  into  separate  granular  masses, 
0 of  which  some,  a,  a,  remain  unchanged,  whilst  others,  o,  o,  n,  n. 
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cither  two,  four,  or  eight  in  number,  are  converted  into  ovules?  that  I 

ajipear  to  be  fertilized  by  the  escape  of  the  spermatozoa  from  the  u 

^nimal  capsules,  these  being  now.  seen  in  process  of  withering,  |0 

Finally,  in  fig.  6,  which  represents  a Paramecium  three  days  after  | 

the  completion  of  the  conjugation,  are  seen  four  complete  ova,  , 

0,  0, 0,  o,  within  the  connecting  tube,  m,  m;  whilst  the  seminal  cap-  , 

sules  have  now  altogether  disappeared.  In  figs.  13-18  are  seen 
the  successive  stages  of  the  development  of  the  ovule,  which  seems  f 

at  first  (fig.  13)  to  consist  of  a germ-cell  having  within  it  a secon-  i 

clary  cell  containing  minute  granules,  which  is  to  become  the  i 

‘vitelline  vesicle.’  This  secondary  cell  augments  in  size,  and  be-  i 

comes  more  and  more  opaque  from  the'.jncrease  of  its  granular  \ 

contents  (figs.  14,  15,  16),  forming  the  ‘vitellus’  or  yolk;  in  the 
midst  of  which  is  seen  the  clear  ‘germinal  vesicle,’  which  shows  on  { 
its  wall,  as  the  ovule  approaches  maturity,  the  ‘germinal  spot’ 

(fig.  17).  The  germinal  vesicle  is  subsequently  concealed  (fig.  18)  i 

by  the  increase  in  the  quantity  and  opacity  of  the  vitelline  granules.  1 

The  fertilized  ova  seem  to  be  expelled  by  the  gradual  shortening  of  , 
the  tube  that  contains  them ; and  this  shortening  also  brings  1 
together  the  scattered  fragments  of  the  granular  substance  of  the  j 
original  ovarium,  so  as  to  form  a mass  resembling  that  shown  in  j 
fig.  1,  a,  by  the  evolution  of  which,  after  the  same  fashion,  another  ,i 
brood  of  ova  may  be  produced.  j j 

44-3.  Now  there  can  be  no  doubt  as  to  the  occurrence  of  ‘ con-  i 

jugation’  among  Ciliated  Infusoria;  and  this  not  only  in  the  'i 

free-swimming,  but  also  in  the  attached  forms,  as  Stentor  (Plate  j J 
XIV.,  fig.  21).  In  Vorticella,  according  to  several  recent  observers,  | i 
what  has  been  regarded  as  gemviiparous  multiplication — the  i i 
putting-forth  of  a bud  from  the  base  of  the  body  — is  really  | 
the  conjugation  of  a small  individual  in  the  free-swimming  stage  j 
wuth  a fully-developed  fixed  individual,  with  whose  body  its  own  t 
becomes  fused.  But  it  is  doubtful  whether  such  conjugation  has  j ■ 
any  reference  to  the  encysting  process.  According  to  Biitschli  • 
and  Engelmann,  the  conjugating  process  results  in  the  breaking-up  | j 
of  the  nucleus  and  (so-called)  nucleolus  of  the  conjugating  in-  ' i 
dividuals;  these  individuals  separate  again,  and  after  the  expulsion  j 
of  the  broken-uj)  nuclear  structures,  the  characteristic  nucleus  and  | 
nucleolus  are  re-formed.  The  same  excellent  observers  adduce  f 
strong  grounds  for  distrusting  Balbiani’s  assignment  of  sexual  j 
characters  to  the  nucleus  and  nucleolus.  For  although  a striation  i 
may  be  observed  on  the  surface  of  the  latter,  no  one  has  witnessed  ) 
its  subdivision  into  spermatozoidal  filaments.  And  if  embryos  I 
are  really  produced  at  the  expense  of  the  nucleus,  what  Balbiani  jj 
described  as  sexual  ova  are  really  non-sexnal  gemmnles,  each  con-  ( 
sisting  (like  the  zoosjDore  of  Protophytes)  of  a segment  of  the  i 
nucleus  surrounded  by  an  envelope  of  protoplasm.— There  is  still 
much  uncertainty  in  regard  to  the  embryonic  forms  of  Ciliate  | 
Infusoria;  some  eminent  observers  asserting  that  the‘gemmule’  d 
in  the  first  instance,  besides  forming  a cilia-wreath,  puts  forth  | 
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^ suctorial  appendages  (Plate  xiv.,  fig.  19,  a,  b,  c),  by  means  of  which 
it  imbibes  nourishment  until  the  formation  of  its  mouth  permits  it 
; to  obtain  its  supplies  in  the  ordinary  way ; whilst  others  maintain 
these  acinetiform  bodies  to  be  parasites,  which  even  imbed  them- 
• selves  in  the  substance  of  the  Infusoi’ia  they  infest.* 

444.  It  is  obviorrs  that  no  Classification  of  Infusoria  can  be  of 
: any  permanent  value,  until  it  shall  have  been  ascertained  Ijy  the 

- study  of  their  entire  life-history,  what  are  to  be  accounted  really 
, -distinct  forms.  And  the  difierences  between  them,  consisting  chiefly 
! in  the  shape  of  their  bodies,  the  disposition  of  their  cilia,  the  pos- 
< session  of  other  locomotive  appendages,  the  position  of  the  mouth, 

the  presence  of  a distinct  anal  orifice,  and  the  like,  are  matters  of 
-such  trivial  importance  as  compared  with  those  leading  features  of 
: their  structure  and  physiology  on  which  we  have  been  dwelling, 
t that  it  does  not  seem  desirable  to  attempt  in  this  place  to  give  any 
I detailed  account  of  them.  The  life-history  of  the  ciliate  Infusoria  is 
i,a  subject  pre-eminently  worthy  of  the  attention  of  Microscopists, 
'who  can  scarcely  be  better  employed  than  in  tracing  out  the 

- sequence  of  its  phenomena,  with  the  same  care  and  assiduity  as 
! have  been  disi^layed  by  Messrs.  Ballinger  and  Drysdale  in  the 
-study  of  the  MonacUna. — “In  pursuing  our  researches,”  say  these 
. excellent  observers,  “ we  have  become  practically  convinced  of  what 
' we  have  theoretically  assumed — the  absolute  necessity  for  pro- 
’ longed  and  patient  observation  of  the  same  forms.  Two  observers, 

independently  of  each  other,  examining  the  same  Monad,  if  their 
inquiries  were  not  sufficiently  prolonged,  might,  with  the  utmost 

■ truthfulness  of  interpretation,  assert  opposite  modes  of  develop- 
: ment.  Competent  optical  means,  careful  interpretation,  close 
' observation,  and  time,  are  alone  capable  of  solving  the  problem.” 

Section  II. — Rotifera,  on  Wheel- Animalcules. 

4t.5_.  We  now  come  to  that  higher  group  of  Animalcules,  which, 
! in  point  of  complexity  of  organization,  is  as  far  removed  from 

■ the  preceding,  as  Mosses  are  from  the  simj)lest  Protophytes ; the 

■ onjy  point  of  real  resemblance  between  the  two  groups,  in  fact, 
I being  the  minuteness  of  size  which  is  common  to  both,  and  which 

was  long  the  obstacle  to  the  recognition  of  the  comparatively 

■ elevated  character  of  the  Botifera,  as  it  still  is  to  the  iirecise 
' determination  of  certain  points  of  their  structure.  Some  of  the 

Wheel- Animalcules  are  inhabitants  of  salt  water  only  ; but  by  far 

■ the  larger  proportion  are  found  in  collections  of  fresh  water,  and 
; rather  in  such  as  are  free  from  actively  decomposing  matter,  than 

m those  which  contain  organic  substances  in  a putrescent  state. 

* There  can  be  no  doubt  that  Stein  was  wrong  in  his  original  doctrine  that 
the  fully-developed  Acinetina  are  only  transition-stages  in  the  development  of 
Vorticellina  and  other  Ciliated  Infusoria.  But  the  balance  of  evidence  seems  to 
1 *iu  favour  of  his  later  statement,  that  the  bodies  iigured  in 

1 1.  XIV.  fig.  19,  arc  really  Infusorian  cmbiyos,  and  not  parasitic  Acinuta). 
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Hence  when  tliey  present  themselves  in  Vegetable  infusions,  it  is 
usually  after  that  offensive  condition  which  is  favourable  to  the 
development  of  many  of  the  Infusoria  has  passed-away ; and  they 
aie  consequently  to  be  looked-for  after  the  disappearance  of  many 
accessions  (it  may  be)  of  Animalcules  of  inferior  organization. 
Eotifera  are  more  abundantly  developed  in  liquids  which  have  been 
long  and  freely  exposed  to  the  open  air,  than  in  such  as  have  been 
kept  under  shelter ; certain  kinds,  for  examjde,  are  to  be  met  with 
in  the  little  pools  left  after  rain  in  the  hollows  of  the  lead  with 
which  the  tops  of  houses  are  partly  covered;  and  they  are 
occasionally  found  in  enormous  numbers  in  cisterns  which  are  not 
beneath  roofs  or  otherwise  covered  over.*  They  are  not,  however, 
absolutely  confined  to  collections  of  liquid : for  there  are  a few 

species  which  can  maintain  their 
existence  in  damp  earth ; the  com- 
mon Motif er  is  occasionally  found 
in  the  interior  of  the  leaf-cells  of 
Sphagnum  (§  339) ; and  at  least 
two  species  of  Notommata  also  are 
known  to  be  parasitic,  the  one  in  the 
large  cells  of  Vaucheria  (§  219),  and 
another  in  the  sphere  of  Volvor- 
(§  236).— The  Wheel-like  organs 
from  which  the  class  derives  its 
designation,  are  most  character- 
istically seen  in  the  common  Motifer 
(Fig.  310),  where  they  consist  of 
two  disk-like  lobes  or  projections  of 
the  body,  whose  margins  are  fringed 
vdth  long  ciha  ; and  it  is  the  unin- 
terrupted, succession  of  strokes 
given  by  these  cilia,  each  row  of 
which  nearly  returns  (as  it  were) 
into  itself,  that  gives  lise  by  an  op- 
tical illusion  to  the  notion  of 
‘ wheels.’  This  arrangement,  how- 
ever, is  by  no  means  universal ; m 
fact,  it  obtains  in  only  a small  pro- 
portion of  the  group  ; and  by  far 
the  more  general  plan  is  that  seen 
in  Fig.  309,  in  which  the  cilia  form 
one  continuous  line  across  the  body, 
being  disposed  upon  the  sinuous 
edges  of  certain  lobes  or  projections  which  are  borne  upon  its  {in- 
terior portion.  Some  of  the  chief  departures  from  this  plan  will  be 
noticed  hereafter  (§  453). 

41'6.  The  great  transparence  of  the  Eotifera  permits  their  general 
sti’ucture  to  be  easily  recognized.  They  have  usually  an  elongated 
* See  a renmi'kablo  instance  of  fliis  in  n.  277  uotf. 
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Ibrm,  similar  ou  tlie  two  sides  ; but  this  rarely  exhibits  any  traces 
of  segmental  division.  The  body  is  covered  with  a double  envelope, 
both  layers  of  which  are  extremely  thin  and  flexible  in  some 
species,  whilst  in  others  the  outer  one  seems  to  possess  a horny 
consistence.  In  the  former  case  the  whole  integument  is  drawn 
together  in  a wrinkled  manner 
when  the  body  is  shortened ; in 
some  of  the  latter  the  sheath  has  a 
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the  form  of  a polype-cell,  and  the 
body  lies  loosely  in  it,  the  inner 
layer  of  the  integument  being  se- 
parated from  the  outer  by  a con- 
siderable space  (Fig.  312) ; whilst 
in  others  the  envelope  or  lorica  is 
tightly  fitted  to  the  body,  and 
strongly  resemblesthehornycasing 
of  an  Insect  or  the  shell  of  a Crab, 
except  that  it  is  not  jointed,  and 
does  not  extend  over  the  head  and 
tail,  which  can  be  projected  from 
the  openings  at  its  extremities,  or 
completely  drawn  within  it  for  pro  - 
tection  (Fig.  313).  In  those  Roti- 
tera  in  which  the  flexibility  of  the 
body  is  not  interfered  wuth  by  the 
consolidation  of  the  external  inte- 
gument, we  usually  find  it  capable 
of  great  variation  in  shape,  the 
elongated  form  being  occasionally 
exchanged  for  an  almost  globular 
one,  as  is  seen  especially  when  the 
animals  are  suffering  from  defici- 
ency ofwater ; whilst  by  alternating 
movements  of  contraction  and  ex- 
tension, they  can  make  their  way 
over  solid  surfaces,  after  the 
manner  of  a Worm  or  a Leech, 
with  considerable  activity, — some 
even  of  the  loricated  species  being 
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liofifer  vulf/rtrls,  as  seen  at  A with 
the  wheels  di'awu-iu,  and  at  n with 
tlie  wheels  expanded : — n,  month  ; l>, 
rendered  capable  of  this  kind  of  wheels  ; d calcar  (an- 

tne  nead  and  tail.  All  these,  too,  closing  it;  7t,  longitudinal  muscles; 
can  Swim  readily  through  the  h tubes  of  water-vascular  system ; 
water  by  the  action  of  their  cilia  ; animal ; I,  cloaca, 

and  there  are  some  species  which 

are  limited  to  the  latter  mode  of  progression.  The  greater  number 
^ organ  of  attachment  at  the  posterior  extremity  of  the  body, 

which  is  usually  prolonged  into  a tail,  by  which  they  can  affix  theiii- 
selves  to  any  solid  object ; and  this  is  their  ordinary  position,  when 

mm2 
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keeping  their  ‘ wheels’  in  action  for  a supply  of  food  or  of  water; 
they  have  no  difficulty,  however,  in  letting-go  their  hold  and  movintf 
through  the  water  in  search  of  a new  attachment,  and  may  there- 
fore be  considered  as  perfectly  free.  The  sessile  species,  in  their 
adult  stage,  on  the  other  hand,  remain  attached  by  the  posterior 
extremity  to  the  sjDot  on  which  they  have  at  first  fixed  themselves  ; 
and  their  cilia  are  consequently  employed  for  no  other  purpose  than 
that  of  creating  currents  in  the  surrounding  water. 

447.  In  considering  the  internal  structure  of  Rotifera,  we  shall 
take  as  its  type  the  arrangement  which  it  presents  in  the  Rotifer 
vulgaris  (Fig.  310) ; and  specify  the  principal  variations  exhibited 
elsewhere.  The  body  of  this  animal,  when  fully  extended,  pos- 
sesses greater  length  in  proportion  to  its  diameter  than  that  of  most 
others  of  its  class  ; and  the  tail  is  composed  of  three  joints  or  seg- 
ments, which  are  capable  of  being  drawn-up,  one  within  another, 
like  the  sliding  tubes  of  a telescope,  each  having  a pair  of  prongs  or 
points  at  its  extremity.  Within  the  external  integument  of  the  body 
are  seen  a set  of  longitudinal  muscular  bands  (A),  which  serve  to 
draw  the  two  extremities  towards  each  other;  and  these  are  crossed 
by  a set  of  transverse  annular  bands,  which  also  are  probably  mus- 
cular, and  sei've  to  diminish  the  diameter  of  the  body,  and  thus  to 
increase  its  length.  Between  the  wheels  is  a prominence  beai-ing 
two  red  sj^ots  (6),  and  having  the  mouth  (n)  at  its  extremity ; these 
red  spots  differ  altogether  from  those  common  in  Infusoria  and  Pro- 
tophyta,  each  having  a minute  highly-refracting  spherical  lens  set 
in  red  pigment,  and  being  clearly  a rudimentary  eye  ; and  the  pro- 
minence that  bears  them  may  be  considered,  therefore,  as  a true 
head,  notwithstanding  that  it  is  not  clearly  distinguishable  from 
the  body.  This  head  also  bears  upon  its  under  surface  a projecting 
spur -like  organ  (cZ),  which  was  thought  by  Prof.  Ehrenberg  to  be  a 
siphon  for  the  admission  of  water  to  the  cavity  of  the  body  for  the 
purpose  of  respiration  ; this,  however,  is  certainly  not  the  case,  the 
‘ s^our’  being  imperforate  at  its  extremity  ; and  there  seems  much 
more  probability  in  the  idea  of  Dujardin,  that  it  represents  the 
antenncB  or  iialpi  of  higher  Articulata,  the  single  organ  being  re- 
placed in  many  Rotifera  by  a pair,  of  which  each  is  furnished  at  its 
extremity  with  a brush-like  tuft  of  hairs  that  can  be  retracted  into 
the  tube.  The  oesophagus,  which  is  narrow  in  the  Rotifer,  but  is 
dilated  into  a ci’op  in /SZep/miioceros  (Pig.  312)  and  in  some  other 
genera,  leads  to  the  masticating  apparatus  (Pig.  310,  e),  which  in 
these  animals  is  placed  far  behind  the  mouth,  and  in  close  proxi- 
mity to  the  stomach. — The  Masticating  apparatus  has  been  made 
the  subject  of  attentive  study  by  Mr.  P.  H.  Gosse  ; who  has  given  an 
elaborate  account  of  the  various  types  of  form  which  it  presents^  in 
the  several  subdivisions  of  the  group.*  The  following  description 
of  one  of  the  more  complicated  will  serve  our  present  purpose.  'I'he 
various  movable  parts  are  included  in  a muscular  bulb,  termed  the 
mastax  (Fig.  311,  a),  which  intervenes  between  the  buccal  funnel  (<«) 

♦ “ Philosophical  Transactions,”  1856,  p.  419. 
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and  tlie  cesophagus  (p).  The  mastax  includes  a pair  of  organs, 
which,  from  the  resemblance  of  their  action  to  tliat  of  hammers 
■ working  on  an  anvil,  may  be  called  muiZei,  and  a third,  still  more 
complex,  termed  the  incus.  Each  malleus  consists  of  two  principal 
parts  placed  nearly  at  right  angles  to  each  other,  the  (c), 

Fig.  311. 


Masticating  Apparatus  of  Euchlanis  deflexa:—a,  Mastax;  c, 
manubrium,  and  e,  uucus,  of  Malleus ; g,  rami,  aud  /(,  fulcrum, 
of  Incus ; i,  muscle  connecting  ramus  and  uncus  ; j,  muscle 
passing  from  malleus  to  mastax  ; Ic,  muscle  connecting  uncus 
and  manubrium ; m,  buccal  funnel ; n,  salivary  glands ; p, 
oesophagus. 

and  the  unc^is  (e) ; these  are  articulated  to  one  another  by  a sort  of 
I hinge-joint.  The  former,  as  its  name  imports,  serves  the  purpose  in 
s some  degree  of  a handle ; and  it  is  the  latter  which  is  the  instrument 
! for  crushing  and  dividing  the  food.  This  is  done  by  means  of  the 
1 finger-like  processes  with  which  it  is  furnished  at  the  edge  where  it 
1 meets  its  fellow ; these  being  five  or  six  in  number,  set  parallel  to 
c each  other  like  the  teeth  of  a comb.  The  incus  also  consists  of 
c distinct  articulated  portions,  namely  two  stout  rami  (a)  resting  on 
vwhat  seems  a slender  footstalk  (h)  termed  the  fulcrum;  when 
\ viewed  laterally,  however,  the  fulcrum  is  seen  to  he  a thin  plate, 
1 having  the  rami  so  jointed  to  one  edge  of  it  that  they  can  open  and 
( close  like  a pair  of  shears.  The  uncus  of  each  malleus  falls  into 
t the  concavity  of  its  respective  ramus,  and  is  connected  with  it  by 
a a stout  triangular  muscle  (i),  which  is  seen  passing  from  the  hollow 
I of  the  ramus  to  the  under  surface  of  the  uncus.  It  is  difiicult  to 

> say  with  certainty  what  is  the  substance  of  which  these  firm 

> structures  are  composed ; it  is  not  afiiected  by  solution  of  potass, 
1 but  is  instantly  dissolved  without  effervescence  by  the  mineral  acids 
a and  by  acetic  acid.  Besides  the  muscles  already  described,  a thick 
f band  (j)  embraces  the  upper  and  outer  angle  of  the  articulatior* 

' of  the  malleus ; and  is  inserted  in  the  adjacent  wall  of  the  mastax  ; 
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and  a semi-crescentic  band  (/.•)  is  inserted  by  its  troad  end  into  tlw^ 

iniS^'  uncus,  and  by  its  slender  end  into  the) 

mddle  of  the  inner  side  of  the  manubrium;  the  former  of  thJi  mavl 

malleus'^  ''''  extensor,  and  the  latter  as  a flexor,  of  the) 

malleus._  By  these  and  other  muscles  which  cannot  be  so  clearlv' 
istinguislied,  the  two  unci  are  made  to  approach  and  recede  by  a, 
perpendicular  motion  on  the  hinge-joint,  so  that  their  opposing  faces 

^^lieir  teeth  bruise-down  the  particles  of  food  • 
but  at  the  same  time  they  are  carried  apart  and  approximated 
laterally  by  the  movement  of  the  free  extremities  of  the  manubria 
maflpf''"'  also  open  and  shut  with  the  working  of  tlie 

mallei ; and  by  the  conjoint  action  of  the  whole,  the  food  is  effectuallyi 
comminuted  in  its  passage  downwards.*  ^ 

^li“entary  Canal,  which  lies  loose  in  the  ‘general 
cavity  of  the  body,  is_  sometimes  a simple  tube,  passing  without  ’ 
enlargement  or  constriction  from  the  masticating  apparatus  to  th^ 
anal  orifice  at  the  posterior  part  of  the  body  ; whilst  in  other  in- 
testi^iAl  marked  distinction  between  the  stomach  and  in- 

globular  dilatation  imme- 
diately below  the  jaws,  whilst  the  latter  is  cyhndrical  and  compara- 
tively small  the  alimentary  canal  of  Rotifer  (Fig.  310)  most 
resembles  the  first  of  these  types,  but  presents  a dilatation  {1)  close 
to  the  anal  o^^ice,  which  may  be  considered  as  a cloaca : that  of 
BuicUonus  (Fig.  309)  is  rather  formed  upon  the  second.  Connected 
wi  h the  alimentary  canal  are  various  glandular  appendages,  jnore  : 
01  less  developed  ; sometimes  clustering  round  its  walls  as  a mass 
ot  separate  follicles,  which  seems  to  be  the  condition  of  the  glan-  1 
dular  investment  ((/)  of  the  alimentary  canal  in  Rotifer;  in  other 
cases  having  the  form  of  cmcal  tubuli.  Some  of  these  open  into  the 
stomach  close  to  the  termination  of  the  oesophagus,  and  have  been 
supposed  to  be  salivary  or  pancreatic  in  their  character,  whilst 
others,  which  discharge  their  secretion  into  the  intestinal  tube,  have 
been  regarded,  and  probably  with  correctness,  as  the  mdiment  of  a 
liver.— -in  the  genus  Asplanclma  (Gosse),  there  is  a wide  departure 
from  the  ordinarv  Rotifer  type;  as  the  species  belonging  to  it 
have  neither  intestine  nor  anus.  The  stomach  consists  of  a large 
bag  at  the  end  of  the  gullet,  about  which,  when  the  animals  are 
quiet,  the  ovary  is  bent  in  a horseshoe  form.  The  indigestible 
matters  are  ejected  through  the  mouth.  The  curious  absence  of 

any  digestive  apparatus  in  the  males  of  this  grouj),  will  be  presently 
noticed  (§  450). f ° x j 

_ d<49.  There  does  not  apjiear  to  be  any  special  Circulating  apparatus 
in  these  animals ; but  the  fluid  which  is  contained  in  the  peri- 
visceral cavity  is  probably  to  be  regarded  as  nutritive  iiiits  character; 
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iiml  its  aeration  is  j^i’ovided-for  by  a peculiar  apparatus,  wliicli 
seems  to  be  a rudimentary  form  of  the  ‘ water-vascular  system,’  that 
attains  a high  development  in  the  class  of  Worms.  On  either 
side  of  the  body  tLere  is  usually  to  be  observed  a long  flexuous 
tube  (Fig.  309),  which  extends  from  a contractile  vessel  common 
to  both  and  opening  into  the  cloaca  (Fig.  310,  i,  i),  towards  the 
anterior  region  of  the  body,  where  it  frequently  subdivides  into 
branches,  one  of  which  may  arch-over  towards  its  opposite  side, 
and  inosculate  with  a corresponding  branch  from  its  tube. 
Attached  to  each  of  these  tubes  are  a number  of  peculiar  organs 
(usually  from  two  to  eight  on  each  side),  in  which  a trembling- 
movement  is  seen,  very  like  that  of  a flickering  flame ; these  appear 
to  be  pear-shaped  sacs,  attached  by  hollow  stalks  to  the  main  tube, 
and  each  having  a fiagelliform  cilium  in  its  interior,  that  is  attached 
by  one  extremity  to  the  interior  of  the  sac,  and  vibrates  with  a quick 
undulatory  motion  in  its  cavity ; and  there  can  be  little  doubt  that 
their  function  is  to  keep-up  a constant  movement  in  the  contents  of 
the  aquiferous  tubes,  whereby  fresh  water  may  be  continually  intro- 
duced from  without  for  the  aeration  of  the  fluids  of  the  body.*  The 
Nervous  system  is  represeilted  by  only  a single  ganglionic  body 
(sometimes  bilobed,  however),  which  lies  at  one  side  of  the  oesopha- 
gus, in  near  proximity  to  the  eye-spots,  the  spur -like  organ,  and 
the  ciliated  pit,  and  has  also,  in  some  Rotifers,  an  auditory  vesicle 
attached  to  it.  No  nerve-trunks  proceeding  to  the  muscular  bands 
have  as  yet  been  certainly  distinguished. 

450.  The  Reproduction  of  the  Rotifera  has  not  yet  been  com- 
pletely elucidated.  Although  they  were  aflirmed  by  Prof.  Ehren- 
berg  to  be  hermaphrodite,  yet  the  existence  of  distinct  sexes 
has  been  detected  in  so  many  genera  (for  the  most  part  by  Mr. 
Gossef),  that  it  may  fairly  be  presumed  to  be  the  general  fact. 
The  male  is  inferior  in  size  to  the  female;  and  sometimes  differs  so 
much  in  organization,  that  it  would  not  be  recognized  as  belonging 
to  the  same  species,  if  the  copulative  act  had  not  been  witnessed. 
In  all  the  cases  yet  known,  as  in  the  Asplanclma  of  which  the 
separate  male  was  the  first  discovered,  there  is  an  absolute  and 
universal  atrophy  of  the  digestive  system;  neither  mastax,  jaws, 
oesophagus,  stomach,  nor  intestines  being  discoverable  in  any 
male  ; no  Other  organs,  in  fact,  being  fully  developed,  than  those  of 
generation.  The  male  would  appear,  therefore,  quite  unfit  to  obtain 
aliment  for  itself ; and  its  existence  is  probably  a very  brief  one, 
being  continued  only  so  long  as  the  store  of  nutriment  supplied  by 
the  egg  remaius  unexhausted.  In  the  remarkable  six-limbed  Rotifer 
discovered  by  Dr.  Hudson, and  named  by  him  Pedalion  mira, 

* See  Prof.  Huxley’s  account  of  these  organs,  in  his  description  of  Lacbiulai  ia 
socialis,  “ Transact,  of  Microsc.  Soc.,”  N.S.,  Vol.  i.  (1853),  p 1. 

t “ Philo-sophical  Transactions,”  1857,  p.  313.  See  also  Dr.  Hudson  iu 
“Monthly  Microsc.  Journ.,’’  Vol.  xiii.  (1875),  p.  45. 

I “Monthly  Microsc.  .louru.,”  Vol.  viii.  (187’2),  p.  209  ; and  “Quart.  Journ. 
Micr.  Sci.,”  Vol.  xii.  (1872),  p.  333. 
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the  viigin  female  was  found  to  lay  female  eggs  during  the  greater 

yf"-’  "h  le  ^ale  egg„/,vhid.  ../lot  found* thfS™ 

li  7lnT+l  ^ ’ r I female  ones,  and  are  carried 

u clusters  of  often  a score  at  a time.”  The  males  are  very  small 

in  pompai-ison  with  the  females,  and  are  very  short-lived,  sometimes 

fcrfl  “ as  in  a Ia;ge  p“por- 

W.  Tn®  “ales  have  yet  been  discovered?  probibly 

because  they  are  produced  ouly  at  certain  times.  The  female 
organ  consists  of  a single  ovarian  sac,  which  frequently  occupies 
ge  part  of  the  cavity  of  the  body,  and  opens  at  its  lower  end 
by  a narrow  orifice  into  the  cloaca.— Although  the  number  of  eeag 
in  these  animals  is  so  small,  yet  the  rapidity  with  which  the  whole 
piocess  ot  their  development  and  maturation  is  accomplished, 
lenders  the  multiplication  of  the  race  very  rapid.  The  ess  of  the 
Hydatina  is  extruded,  froni  the  cloaca  within  a few  hours  after  the 
is  visible ; and  within  twelve  hours  more  the 
snell  bursts,  and  the  young  animal  comes  forth.  Three  or  tour 
eggs  being  deposited  at  once,  it  was  calculated  by  Prof.  Ehrenberg 
that  nearly  seventeen  m%llions  may  be  produced  within  twenty-four 
hays  from  a single  individual.  In  Rotifer  and  several  other 
genera,  the  development  of  the  embryo  takes-place  whilst  the  ess 
IS  yet  letaiiied  within  the  body  of  the  parent  (Pig.  310,  h),  and  tL 
young  are  extruded  alive  ; whilst  in  some  other  instances  the  e»gs, 
after  their  extrusion,  remain  attached  to  the  posterior  extremity  of 
the  body  (Iig.  309),  until  the  young  are  set  free.  The  tranma- 
i^nce  ot  the  egg-membrane,  and  also  of  the  tissnes,  of  the  parent 
process  of  development  to  be  watched,  even  . 
when  the  egg  is  retained  within  the  body;  and  it  is  curious  to 
observe,  at  a very  early  period,  not  merely  the  red  eye-spot  of  the 
embryo,  but  also  a distinct  ciliary  movement.  In  general  it  would 
seem  that  whether  the  rupture  of  the  egg-membrane  takes-place 
e oie  or  after  the  egg  has  left  the  body,  the  germinal  mass  within 
It  IS  developed  at  once  into  the  form  of  the  young  animal,  which 
usually  resembles  that  of  its  parent;  no  preliminary  metamorphosis 
leiug  gone  through,  nor  any  parts  developed  which  are  not  to  be 
permanent.  In  Floscularia  ornata,  however,  the  young  leave  the 
shape  of  little  maggots,  from  one  end  of  which  a tuft 
of  cilia  soon  appears.  The  form  changes  in  a few  hours,  the 
ciliated  end  becoming  lobed,  and  the  body  rounded.  The  foot  is 
developed  later.*  In  the  curious  Notommata  Wcrneclxii,  which  is 
lound  parasitic  in  the  reproductive  capsules  of  Taaicheria  (§  249), 
the  young  animal  has  the  general  organization  of  the  free-swim- 
ming Rotifers,  and  leads  a similarly  active  life ; but  when  its  eggs 
are  becoming  mature,  it  finds  its  way  into  one  of  these  capsules 
and  there  undergoes  a remarkable  deformation,  its  characteristic 
organs  disappearing,  and  its  body  becoming  a large  egg- sac,  which 
seems  to  be  nourished  by  absorption.f 

* See  Mr.  Slack’s  “Marvels  of  Pond  Life,”  2nd  Edit.,  p.  54. 

t See  Balbiaui  in  “ Jomu.  Eoy.  Microsc.  Soc.,”  Yol.  ii.  (1870),  p.  .ISO. 
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451.  Even  in  those  species  which  nstially  hatch  their  eggs 
within  their  bodies,  a different  set  of  Ova  is  occasionally  developed, 
which  are  fitrnished  with  a thick  glutinous  investment ; these, 
which  are  extruded  entire,  and  are  laid  one  upon  another,  so  as  at 
last  to  form  masses  of  considerable  size  in  proportion  to  the  bulk 
of  the  animals,  seem  not  to  be  destined  to  come  so  early  to 
maturity,  but  very  probably  remain  dormant  during  the  whole 
winter  season,  so  as  to  produce  a new  brood  in  the  spring.  These 
* winter-eggs’  are  inferred  by  Prof.  Huxley,  from  the  history  of  their 
development,  to  be  really  gemmce  produced  by  a non-sexual  ope- 
ration ; while  the  bodies  ordinarily  known  as  o va,  he  considers  to 
be  true  generative  products.  Prof.  Cohn,  however,  states  that  he 
has  ascertained,  by  direct  experiment  upon  those  species  in  which 
the  sexes  are  di.stinct,  that  the  bodies  commonly  termed  ‘ ova  ’ 
(Figs.  309,  310)  are  really  internal  gemmoi,  since  they  are  repro- 
duced, through  many  successions,  without  any  sexual  process,  just 
like  the  external  gemmm  of  Hydra  (§  615),  or  the  internal  gemmte 
ni Entomostraca  609)  and  Aphides  (§  643);  whilst  the  ‘winter- 
eggs  ’ are  only  produced  as  the  result  of  a time  generative  act.* 
By  M.  Balbiani,  however,  it  is  affirmed  {loc.  eit.)  that  the  ‘ winter- 
eggs,’  like  the  ordinary  eggs,  are  produced  non-sexually ; so  that 
it  would  seem  as  if  the  intervention  of  the  true  generative  act  is 
only  occasionally  required  for  the  continued  propagation  of  these 
interesting  creatures. 

452.  Certain  Rotifera,  amonw  them  the  common  Wheel-Ani- 
malcule, are  remarkable  for  their  tenacity  of  life,  even  when  reduced 
to  such  a state  of  dryness  that  they  will  break  in  pieces  when 
touched  with  the  point  of  a needle  (as  the  Author  has  himself 
ascertained) ; for  they  can  be  kept  in  this  condition  for  any  length 
of  time,  and  will  yet  revive  very  speedily  upon  being  moistened. 
Taking  advantage  of  this  fact,  some  Microscoiiists  are  in  the  habit 
of  keeping  by  them  stocks  of  desiccated  Rotifers,  which  can  be 
disti-ibuted  in  the  condition  of  dry  dusty  powder.  The  desiccating 
process  has  been  carried  yet  farther  with  the  tribe  of  Tardigrada 
(§  453,  IV.)  ; individuals  of  which  have  been  kept  in  a vacuum  for 
thirty  days,  with  sulphuric  acid  and  chloride  of  calcium,  and  yet 
have  not  lost  their  capability  of  revivification.  These  facts,  taken 
in  connection  with  the  extraoi’dinary  rate  of  increase  mentioned  in 
the  preceding  paragraph,  remove  all  difficulty  in  accounting  for  the 
extent  of  the  diffusion  of  these  animals,  and  for  their  occurrence  in 
incalculable  numbers  in  situations  where,  a few  days  previously, 
none  were  known  to  exist.  For  their  entire  bodies  may  be  wafted 
in  a dry  state  by  the  atmosphere  from  place  to  place;  and  their 
return  to  a state  of  active  life,  after  a desiccation  of  unlimited 
duration,  may  take  place  whenever  they  meet  with  the  requisite 
conditions — moisture,  warmth,  and  food.  It  is  probable  that  the 

* See  his  Memoir,  ‘Ueber  die  Fortpflanzung  der  Eaderthiere,’ in  “Siebold 
.nud  Kdlliker’s  Zeitsclirift,”  1855. 
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Ova  aie  capable  of  suBtaming  treatment  even  more  severe  than  the 
iully  developed  Animals  can  bear;  and  that  the  race  is  frequently 
continued  by  them  when  the  latter  have  perished.— It  is  not 
requisite  to  suppose,  however,  that  in  any  of  the  foregoing  cases 
the  desiccation  is  complete;  for  it  appears  that  Wheel- Animal- 
cules, lu  drying,  exude  a glutinous  matter  that  forms  a sort  of 
impervious  casing,  which  may  keep-in  the  remaining  fluid.*  When 
acted  on  by  heat  as  well  as  by  drought,  Eotifers  and  Tardigrades 
lose  their  vAality ; yet  the  former  have  survived  a gradual  heatin^r 
np  to  200“  Fahr,  ^ 

principles  on  which  the  various  forms  that  belono-  to 
this  Glass  should  be  systematically  arranged,  have  not  yet  been 

satisfactorily  determined.  By  Prof.  Ehren- 
berg,  the  disposition  of  the  ciliated  lobes  or 
wheel-organs,  and  the  enclosure  or  non- 
enclosure of  the  body  in  a loncct  or  case, 
were  taken  as  the  basis  of  his  classification ; 
but  as  his  ideas  on  both  these  jioints  are 
inconsistent  with  the  actual  facts  of  orga- 
nization, the  arrangement  founded  upon  them 
cannot  be  received.  Another  division  of  the 
class  has  been  propounded  by  M.  Dujardiu, 
which  is  based  on  the  several  modes  of  life 
of  the  most  characteristic  forms.  And  in  a 
third,  more  recently  put  forth  by  Prof.Leydig, 
the  general  configuration  of  the  body,  with 
the  jiresence,  absence,  and  conformation  of 
the  foot  (or  tail)  are  made  to  furnish  the 
characters  of  the  subordinate  groujis.  Either 
of  the  two  latter  is  certainly  more  natural 
than  the  first,  as  bringing  together  for  the 
most  jiart  the  forms  which  most  agree  in 
general  organization,  and  separating  those 
which  differ ; and  we  shall  adopt  that  of 
M.  Dujardin  as  most  suitable  to  our  present 
purpose. 

I.  The  first  groujo  includes  those  that 
habitually  live  attached  by  the  foot,  which 
is  prolonged  into  a pedicle;  and  it  includes 
two  families,  the  Floscularians  and  the  Meli- 
certians,  the  members  of  which  are  commonly 
found  attached  to  the  stems  and  leaves  of 
aquatic  jilants,  by  a long  pedicle  or  foot-stalk, 
bearing  a somewhat  bell-shaped  body.  In 
one  of  the  most  beautiful  species,  the  Stepha- 
noceros  Eicliomiii  (Pig*  31*2),  this  body  has  five  long  tentacles, 
beset  with  tufts  of  cilia,  whilst  the  body  is  enclosed  in  a gelatinous 

* See  Davis  in  “Monthly  Microsc.  Journ.’’  Vol.  ix.  (18C3),  p.  207 ; also 
Slade,  at  p.  241  of  same  volume. 
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cylindrical  cell.  At  first  sight,  the  tentacles  of  this  Eotifer  may 
seem  to  resemble  those  of  the  Polyzoa ; but,  if  they  are  carefully 
illuminated,  the  filaments  which  beset  them  will  be  found  to  be 
much  larger,  to  be  arranged  difierently,  and  to  exhibit  only  an 
occasional  motion,  not  at  all  resembling  the  regular  rhythmical 
vibrations  of  the  cilia  of  Polyzoa.*  In  fact,  they  seem  rather  to 
deserve  the  designation  of  setce  (bristles) ; for  “ their  action  is  spas- 
modic, it  creates  no  vortex,  and  it  is  only  by  actual  contact  with 
these  setce  that  floating  particles  are  whipped  within  the  area 
enclosed  by  the  lobes,  where  by  the  same  whipping  action  they 
are  twitched  from  point  to  point  irregularly  downwards,  until  they 
come  within  the  range  of  a vortex  that  is  due,  not  to  any  action  of 
the  setce,  but  to  a range  of  minute  cilia  in  the  funnel.”  f A care- 
ful comparison  of  Stephanoceros  with  other  forms,  shows  that  its 
tentacles  are  only  extensions  of  the  ciliated  lobes  which  are 
common  to  all  the  members  of  these  families;  and  the  cylindrical 
‘ cell’  which  envelopes  the  body  is  formed  by  a gelatinous  secretion 
from  its  surface,  thrown-off  in  rings,  the  indications  of  which  often 
remain  as  a series  of  constrictions.  In  respect  of  the  length  of  the 
filaments  projecting  from  its  lobes,  and  the  breadth  of  these  ex- 
pansions, Floscularia  is  still  more  aberrant.— The  body  of  Melicertci 
is  protected  by  a most  curious  cylindrical  tube,  composed  of  little 
rounded  pellets  agglutinated  together ; this  is  obviously  an  artificial 
construction,  and  the  process  by  which  it  is  built  may  be  watched 
by  any  Microscopist  who  is  fortunate  enough  to  capture  it.j; 
Beneath  a projection  on  its  head,  there  is  observed  a small  disk- 
like organ,  in  which,  when  the  ‘wheels’  are  at  work,  a movement 
is  seen  very  much  resembling  that  of  a revolving  ventilator. 
Towards  this  disk  the  greater  proportion  of  the  solid  particles  that 
may  be  drawn  from  the  surrounding  liquid  into  the  vortex  of  the 
wheel-organs,  are  driven  by  their  ciliary  movement,  a small  part 
only  being  taken  into  the  alimentary  canal ; and  there  they  accu- 
mulate until  the  aggregation  (probably  cemented  by  a glutinous 
secretion  furnished  by  the  organ  itself)  acquires  the  size  and  form 
of  one  of  the  globular  pellets  of  the  case;  the  time  ordinarily 
required  being  about  three  minutes.  The  head  of  the  animal  then 
bends  itself  down,  the  pellet-disk  is  applied  to  the  edge  of  the  tube, 
the  newly-formed  pellet  is  attached  there,  and,  the  head  being 
lifted  into  its  former  position,  the  formation  of  a new  pellet  at  once 

* In  ordinaiy  drawings,  the  filaments  of  the  Stephanoceros  are  represented  as 
shoi't  bristles ; this  is  an  error  arising  from  bad  instimmeuts  or  defective  illn- 
mination.  It  requires  considerable  skill  to  show  these  filaments,  or  those  of 
Floscularia,  in  their  true  length;  but  the  beauty  of  the  objects  is  greatly 
increased  when  this  is  accomplished. 

t See  Mr.  C.  Cubitt’s  ‘ Observations  on  the  Economy  of  Stephanoceros,’  in 
“Monthly  Microsc.  Journ.,”  Vol.  iii.,  (1870),  p.  242. 

t See  Gosso  ‘On  the  ai'chitectural  instincts  of  Mclicerta  vingens,'  in  “ Trans, 
of  Microsc.  Soc.,’’ Vol.  iii.  (1852),  p.  .58  ; also  Bedwell  in  “ Monthly  Microsc. 
•foiirn.,”  Vol.  xvi.  (1877),  p.  214  ; and  Hudson  in  “Journ.  Eoy.  Microsc.  Sec.,” 
Vol.  ii.  (1879),  p.  1. 
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conunences.— Another  curious  example  of  this  family  is  presented 
by  the  Conochilus  volvox ; wliicTi  is  found  in  spherical  clusters  com- 
posed  ol  a considerable  number  of  individuals  adherent  by  their 
tails,  their  bodies  being  arranged  in  a radiating  manner,  and  the 
intervals  between  them  being  filled  up  by  a gelatinous  substance, 
mere  IS  not,  however,  any  such  organic  connection  between  them 
as  exists  in  the  Oplirydmm  (§  440) ; and  the  uniting  substance  seems 
to  be  nothing  else  than  the  clear  slimy  secretion  which  probably  all 
Aofyera  exude  from  the  surface  of  their  bodies.  It  is  into  this 
that  the  eggs  are  extruded ; and  as  they  are  hatched  in  it,  the 
young  produced  from  them  remain  to  form  part  of  the  cluster; 
but,  as  its  numbers  _ increase,  the  cluster  breaks  up  into  two  or 
more,  which  in  their  turn  enlarge  and  then  subdivide,  so  that 
^ pond  to  whose  bottom  the  ^winter  eggs’  of  the  year  before 
have  subsided,  becomes  alive  with  them  in  the  early  summer  of  the 
following  year.* — The  Lacinularia  socialis,  in  like  manner,  forms 
transparent  gelatinous-looking  globular  clusters,  about  l-5th  of 
an  inch  in  diameter,  which  attach  themselves  to  the  leaves  of 
aquatic  plants. 

II.  The  next  of  M.  Dujardin’s  primary  groups  (ranged  by  him 
however,  as  the  third)  consists  of  the  ordinary  Botifer  and  its 
allies,  which  jiass  their  lives  in  a state  of  alternation  between 
the  conditions  of  those  attached  by  a pedicle,  of  those  which 
habitually  swim  freely  through  the  water,  and  of  those  which 
creep  or  crawl  over  hard  prfaces.— As  these  have  already  been  fully 
described,  it  is  not  requisite  to  dwell  longer  upon  them. 

III.  The  next  group  consists  of  those  Rotifera  which  seldom  or 
never  attach  themselves  by  the  foot,  but  habitually  swim  freely 

aside  the  peculiar  aberrant  form 
Albertia,  which  has  only  been  found  as  a parasite  in  the  intestines 
of  Worms,  it  may  be  divided  into  two  families,  the  Brachioniamf 
and  the  F'liTculo/i'iuus,  The  former  are  for  the  most  part  dis- 
tinguished  by  the  short,  broad,  and  flattened  form  of  the  body 
(Figs.  309,  313) ; which  is,  moreover,  enclosed  in  a sort  of 
cuirass,^  forrned  by  the  consolidation  of  the  external  integument. 
This  cuirass  is  often  very  beautifully  marked  on  its  surface,  and 
may  be  prolonged  into  extensions  of  various  forms,  which  are 
sometimes  of  very  considerable  length.  The  latter  (corresponding 
almost  exactly  with  the  HydatinecB  of  Prof.  Ehrenberg)  derive 
their  name  from  the  bifurcation  of  the  foot  into  a sort  of  two- 
bladed  forceps  ; their  bodies  are  ovoidal  or  cylindrical,  and  are 
enclosed  in  a flexible  integument,  which  is  often  seen  to  wrinkle 
itself  into  longitudinal  and  transverse  folds  at  equidistant  lines. 
To  this  family  belongs  the  JETydatina  senta,  one  of  the  largest  of 
the  Rotifera,  which  was  employed  by  Prof.  Ehrenberg  as  the  cliief 
subject  of  his  examination  of  the  internal  structure  of  this  group; 
as  does  also  the  Asj)lanchna,  the  curious  condition  of  whose  diges- 
tive apparatus  has  been  already  noticed  (§  448). 

* See  Davis  in  “ Monthly  Microsc.  Journ.,”  Vol.  xvi.  (1876),  p.  1. 
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IV.  The  fourth  of  M.  Dujardin’s  primary  order's  consists  of  the 
very  curious  tribe,  first  carefully  investigated  by  M.  Doyore,  to 


which  the  name  of  Tardirirada  has  been  given,  on  account  of  the 
slowness  of  their  creeping  movement.  It  seems  now  clear,  how- 
ever, that  they  have  no  near  relationship  to  the  true  Eotifera ; corre- 
sponding to  them  only  in  their  minute  size  and  simple  structure. 
They  are  found  in  the  same  localities  with  the  Eotifers,  and,  like 
them,  can  be  revivified  after  desiccation  (§  452):  but  they  have  a 
venniform  body,  divided  transversely  into  five  segments,  of  which 
one  constitutes  the  head,  whilst  each  of  the  others  bears  a pair  of 
little  fleshy  protuberances,  furnished  with  four  curved  hooks,  and 
much  resembling  the  pro-legs  of  a caterpillar.  The  head  is  entirely 
unpossessed  of  ciliated  lobes  ; and  the  mouth,  situated  at  the  end  of 
a sort  of  beak  furnished  with  two  longitudinal  stylets,  leads,  through 
a muscular  pharynx,  into  a wide  alimentary  canal,  which  gradually 
jiaiTows  to  the  anus.  There  are  no  special  organs  of  circulation  or 
respiration,  but  the  nervous  system  is  much  more  developed  than 
in  the  Eotifera;  a cerebral  mass,  bearing  two  eyes,  giving  origin  to 
two  longitudinal  cords,  on  which  are  seated  pairs  of  ganglia  in 
connection  with  the  members,  as  in  Articulated  animals  generally. 
Their  nearest  affinities  seem  with  the  lowest  forms  of  the 
Arachnida. 

454.  notwithstanding  that  all  the  best-informed  Zoologists  are 
now  agreed  in  ranking  the  true  Rotifera  among  ArticAdatcd. 
animals,  yet  there  is  still  a considerable  discordance  of  opinion  as 
• to  the  jirecise  part  of  that  series  in  which  they  should  stand.  Prof. 
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Leydig,  who  has  devoted  much  attention  to  the  study  of  the  class, 
regards  them  as  most  allied  to  the  Crustacea,  and  terms  them' 

‘ Cilio-crustaceans;  and  the  curious  Entomostracan-lookingPedah'ojt 
of  Dr.  Hudson  might  seem  a link  with  that  group.*  Prof. 
Huxley,  on  the  other  hand,  has  argued  that  they  are  more  connected 
with  the  Annelida,  through  the  resemblance  which  they  bear  to  the 
early  larval  forms_  of  that  class  (§  595);  while  in  their  single 
bilobed  nerve-ganglion  and  water-vascular  system,  they  seem  alhed 
to  Flanaria  (§  593).f 

* See  Prof.  E.  Eay  Laukestor’s  ‘Eemarks  ou  Pedallon;  iu  “ Quart.  Joum. 
Microsc.  Sci.,”  Vol.  xii,  (1878),  p.  338. 

t Tlie  following  Treatises  and  Memoirs  (in  addition  to  those  already 
referred  to)  contain  valuable  information  in  regard  to  the  life-history  of 
Animalcules  and  their  principal  forms  : — Ehrenberg,  “Die  Infusionsthiercheu,” 
Berlin,  1838;  Dnjardin,  “Histoire  Natnrelle  des  Zoophytes  Infusoires,”  Paris, 
1841 ; Pritchard, “ History  of  Infusoria,”  4th  Ed.,  London,  18G1  (a  comprehensive 
repertory  of  information) ; Stein, “ Der  Organismus  des  Infusionsthiere,”  Leipzig, 
Erste  Abtheilung,  1850,  Zweite  Abtheilung,  1867,  Dritte  Abtheilung,  Hiilfte  i' 
1878  ; Saville  Kent’s  “ Manual  of  the  Infusoria,”  1880-1 ; and  Prof.  Biitschli’s 
Protozoa  (1880,  1881)  in  the  new  edition  of  “Bronn’s  Thier-reichs.” — For  the 
Ehizopoda  and  Infusoria  specially,  see  Olapardde  and  Lachmann,  “ Etudes 
sur  les  Infusoires  et  les  Ehizopodes,”  Geneva,  1858-1861 ; Cohn,  in  “ Siebold  and 
Kolliker’s  Zeitschrift,”  1851-4,  and  1857  ; Lieberkiihn,  in  “ Milller’s  Archiv,” 
1856,  and  “Ann.  of  Nat.  Hist.,”  2nd  Ser.,  Vol.  xviii.,  1856;  Engellmann,  “Zur 
Naturgeschichte  der  Infusions  Thiere”  (1862) ; and  Prof.  Butschli’s  “ Studieu  . 
liber  die  Conjugation  der  Infusorien,”  &c.,  1876. — For  the  Eotffera  specially, 
see  Leydig,  in  ‘‘Siebold  and  Kolliker’s  Zeitschrift,”  Bd.  vi.,  1854;  Gosse  ou 
Melicerta  rivgens,  in  “ Quart.  Journ.  of  Microsc.  Science,”  VoL  i.  (1853),  p.  1 ; 
Huxley  on  Lacinularia  socialis  in  “ Transact,  of  Microsc.  Soc.,”  Ser.  2,  Vol.  i. 
(1853),  p.  1 ; and  Cohn,  in  “ Siebold  and  Kolliker’s  Zeitschrift,”  Bde.  vii.,  ix. 
(1856,  1858).  Ml'.  Slack’s  “Marvels  of  Pond  Life’’  (2nd  Edit.,  London,  1871) 
contains  many  interesting  observations  on  the  habits  of  Infusoria  and  Kotifera. 
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_ 455.  Eetuening  now  to  the  lowest  or  E7mo2?ocZ  type  of  Animal 
life  (Chap,  x),  we  have  to  direct  our  attention  to  two  very  remark- 
able series  of  forms,  almost  exclusively  Marine,  under  which  that 
type  manifests  itself;  all  of  them  distinguished  by  slceletons  so 
consolidated  by  Mineral  deposit,  as  to  retain  their  form  and  intimate 
structure  long  after  the  Animals  to  which  they  belonged  have 
I ceased  to  Hve,  even  for  those  undefined  periods  in  which  they  have 
I'  been  imbedded  as  Fossils  in  strata  of  various  geological  ao-es.  In 
the  first  of  these  groups,  the  Foraminifera,  the  skeleton°usually 
consists  of  a calcareous  many-^shambered  Shell,  which  closely 
li  . invests  the  sarcode-body,  and  which,  in  a large  proportion  of  the 
li  group,  is  perforated  with  numerous  minute  apertures  ; this  shell, 
however,  is  sometimes  replaced  by  a ‘ test,’  formed  of  minute  grains 
of  sand  cemented  together;  and  there  are  a few  cases  (§  397)  in 
which  the  annual  has  no  other  jorotection  than  a membranous 
envelope.— In  the  second  group,  the  Bacliolaria,  the  skeleton  is 
always  siliceous ; and  may  be  either  composed  of  disconnected 
spicules,  or  may  consist  of  a symmetrical  open  framework,  or  may 
have  the  form  of  a shell  perforated  by  numerous  aj)ertures,  which 
more  or  less  completely  encloses  the  body.- — -The  Foraminifera 
probably  take,^  and  always  have  taken,  the  largest  share  of  any 
Animal  group  in  the  maintenance  of  the  solid  calcareous  portion 
of  the  Earth’s  cnist ; by  separating  from  its  solution  in  Ocean- 
water  the  Carbonate  of  Lime  continually  brought  down  by  rivers 
from  the  land.  The  Badiolaria,  do  the  same,  though  in  far  less 
measure,  for  the  Silex.  And  both  extract  from  Sea-water  the 
Organic  matter  universally  diffused  through  it,  converting  it  into 
j a form  that  serves  for  the  nutrition  of  higher  Marine  animals. 

I 

: Section  I. — Fobaminieera. 

: animals  of  this  group  belong  to  that  Beticularianform.  of 

the  Ehizopod  type  (§  397),  in  which, — with  a differentiation  between 
j the  containing  and  the  contained  sarcodic  substance  which  is  involved 
. in  the  formation  of  a definite  investment, — a distinct  nucleus  (some- 
times  single,  in  other  cases  multiple)  is  probably  always  present.* 

* The  ajjsencp  ol  a uucleus  was  long  supposed  to  be  a cbaracteristic  of  the 
animal  of  the  i'br«mjn//fTa ; and  its  presence  in  Gromia  (first  detected  by  Dr. 
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'riie  Shells  of  Foraininifora  are,  for  the  most  part,  'polyiludariioi.'.t! 
or  many-chambered  (Plate  xv.) ; often  so  strongly  resembling  those 
of  NautihtiS,  Spinila,  and  other  Cephalopod  Mollusks,  that  it  is  not 
surprising  that  the  older  Naturalists,  to  whom  the  structure  of 
these  animals  was  entirely  unknown,  ranked  them  under  that  Class. 
But  independently  of  the  entire  difference  in  the  character  of  the 
animal  bodies  by  which  the  two  kinds  of  shells  are  formed,  there 
is  a most  important  distinction  between  them  in  regard  to  the 
relation  of  the  animal  to  the  shell.  For  whilst,  in  the  chambered 
shells  of  the  Nautilus  and  other  Cephalopods,  the  animal  is  a single 
individual  tenanting  only  the  last  formed  chamber,  and  withdrawing 
itself  from  each  chamber  in  succession,  as  it  adds  to  this  another  ami 
larger  one,  the  animal  of  a nautiloid  Foraminifer  \i&s,  a composite 
body,  consisting  of  a number  (sometimes  very  large)  of  ‘ segments,’ 
each  repeating  the  rest,  which  continues  to  increase  by  gemmation 
or  budding  from  the  last-formed  segment.  And  thus  each  of  the 
chambers,  however  numerous  they  may  be,  is  not  only  fonned,  but 
continues  to  be  occupied,  by  its  own  segment ; which  is  connected 
with  the  segments  of  earlier  and  later  formation  by  a continuous 
‘ stolon’  (or  creeping  stem),  that  passes  through  apertures  in  the 
septa  or  partitions  dividing  the  chambers. — From  what  we  know  of 
the  semi-fluid  condition  of  the  sarcode-body  in  the  Keticularian 
type  (§  397),  there  can  be  little  doubt  that  there  is  an  incessant 
circulatory  change  in  the  actual  substance  of  each  segment;  so  that 
the  material  taken-in  as  food  by  the  segments  nearest  the  sui-face 
or  margin,  is  speedily  diffused  through  the  entire  mass.  The  relation 
between  these  ‘ polythalamous  ’ forms,  therefore,  and  the  monothala- 
mous  or  single-chambered, — of  which  we  have  already  had  an 
example  in  Gromia  (§  397),  and  of  which  others  wiU  be  presently 
described, — is  simply  that  whereas  any  buds  produced  by  the  latter 
detach  themselves  to  form  separate  individuals,  those  put  forth  by 
the  former  remain  in  continuity  with  the  parent  stock  and  with 
each  other,  so  as  to  form  a ‘ composite’  Animal  and  a ‘ polythala- 
mous’ Shell. 

457.  According  to  the  plan  on  which  the  gemmation  takes  place, 
Avill  be  the  configuration  of  the  shelly  structure  produced  by  the 
segmented  body.  Thus,  if  the  bud  should  be  put  forth  from  the 
aperture  of  a Lagena  (Plate  xv.,  fig.  9)  in  the  direction  of  the 
axis  of  its  body,  and  a second  shell  should  be  fonned  around  this 
bud  in  continuity  ■with  the  first,  and  this  process  should  be  succes- 
sionally  rej^eated,  a straight  rod-like  shell  would  be  produced 
(fig.  10),  Avhose  multiple  chambers  communicate  with  each  other  by 
the  openings  that  originally  constituted  their  mouths  ; the  mouth 
of  the  last-formed  chamber  being  the  only  aperture  through  which 

Wallicli)  Avas  regarded  as  differeutijitiBg  tliat  tj-pe  from  the  Foraminifera  proper. 
But  the  researches  of  Hertwig  aud  Lesser  having  established  its  presence  in 
several  true  Foraminifera,  and  the  ^.uthor’s  oavu  observations  on  other  fonns 
having  confirmed  theirs,  its  general  presence  may  bo  fairly  assumed,  uni  11  con- 
tradicted by  more  extended  obscrA'atiou. 
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the  savcode-body,  thus  composed  of  a number  of  segments  connected 
by  a peduncle  or  ‘ stolon’  of  the  same  material,  could  now  project 
itself  or  draw-in  its  food.  The.  successive  segments  may  be  all  ol; 
the  same  size,  or  nearly' so,  'in  which  case  the  entire  rod  will  aj^- 
proach  the  cylindrical  form,  or  will  resemble  a line  of  beads  ; but  it 
often  happens  that  each  segment  is  somewhat  larger  than  the  pre- 
ceding (tig.  11),  so  that  the  composite  shell  has  a conical  form,  the 
apex  of  the  cone  being  the  original  segment,  and  its  base  the  one 
last  formed.— The  method  of  growth  now  described  is  common  to  a 
large  number  of  Foraminifera,  chiefly  belonging  to  the  genus 
Nodosarina ; but  even  in  that  genus  we  have  every  gradation 
between  the  rectilineal  (tig.  10),  and  the  spiral  mode  of  growth 
(tig.  11) ; whilst  in  the  genus  Peneroplis  (tig.  6)  it  is  not  at  all  un- 
common for  shells  which  commence  in  a spiral  to  exchange  this  in 
a more  advanced  stage  for  the  rectilineal.  When  the  successive 
segments  are  added  in  a spiral  direction,  the  character  of  the  spire 
wiU  depend  in  great  degree  upon  the  enlargement  or  non-enlarge- 
ment of  the  successively -formed  chambers  ; for  sometimes,  it  opens 
1 out  very  rapidly,  every  whorl  being  considerably  broader  than  that 
which  it  surrounds,  in  conseqiience  of  the  great  excess  of  the  size 
: of  each  segment  over  that  of  its  predecessor,  as  in  Peneroplis ; but 

; more  commonly  there  is  so  little  difference  between  the  successive 
segments,  after  the  spire  has  made  two  or  three  turns,  that  the 
] breadth  of  each  whorl  scarcely  exceeds  that  of  its  predecessor,  as 
t is  well  seen  in  the  section  of  the  Eotalia  represented  in  Fig.  330. 

; An  intermediate  condition  is  presented  by  such  a Eotalia  as  is  shown 
j in  Fig.  314,  which  may  be  taken  as  a characteristic  tyjDe  of  a very 
i large  and  important  group  of  Foraminifera,  whose  general  features 
I will  be  presently  described.  Again,  a spiral  may  be  either  ‘ nautiloid’ 

I or  ‘ turbinoid the  former  designation  being  applied  to  that  form 
i in  which  the  successive  convolutions  all  lie  in  one  plane  (as  they  do 
I ia  the  Nautilus),  so  that  the  shell  is  ‘ equilateral’  or  similar  on  its 
I two  sides ; whilst  the  latter  is  used  to  mark  that  form  in  which  the 
spire  passes  obliqiiely  round  an  axis,  so  that  the  shell  becomes 
‘ inequilateral,’  having  a more  or  less  conical  form,  like  that  of  a 
Snail  or  a Periwinkle,  the  first-formed  chamber  being  at  the  apex. 
Of  the  former  we  have  characteristic  examples  in  Polystomella- 
(Plate  XV.,  fig.  16)  and  Nonionina  (fig.  19) ; whilst  of  the  latter 
we  find  a typical  representation  in  Eotalia  Eeccarii  (fig.  18).  Fhr- 
ther,  we  find  among  the  shells  whose  increase  takes  place  upon  the 
spiral  plan,  a very  marked  difference  as  to  the  degree  in  which  the 
earher  convolutions  are  invested  and  concealed  by  the  latter.  In 
the  great  Eotaline  group,  whose  characteristic  form  is  a turbinoid 
spiral,  all  the  convolutions  are  usually  visible,  at  least  on  one  side 
(figs.  15, 17, 18) ; but  among  the  Nautiloid  tribes  it  more  frequently 
happens  that  the  last-formed  whorl  encloses  the  preceding  to  such 
an  extent  that  they  are  scarcely,  or  not  at  all,  visible  externally,  as 
is  the  case  in  Gristellaria  (fig.  11),  Polystomella,  (fig.  16i,  iuid  Nonio- 
i/ /net  (fig.  19). — The  turbinoid  spire  may  coil  so  rapidly  I'ound  an 
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elongated  axis,  that  the  number  of  chambers  in  each  turn  is  very 
small;  thus  in  Glohicjenna  (fig.  12)  there  are  usually  only  four; 

Fio.  314. 


and  in  Valvidina  the  regular  number  is  only  three.  Thus  we  ai-e 
led  to  the  biserial  arrangement  of  the  chambers  which  is  charac- 
teristic of  the  Textularian  group  (fig.  14) ; in  which  we  find  the 
chambers  arranged  in  two  rows,  each  chamber  communicating  witli 
that  above  and  that  below  it  on  the  opposite  side,  without  any  direct 
communication  with  the  chamber  of  its  own  side,  as  will  be  under- 
stood by  reference  to  Fig.  328,  a,  which  shows  a ‘cast’  of  the  sarcode 
body  of  the  animal.  On  the  other  hand,  we  find  in  the  nautiloid  spire 
a tendency  to  pass  (by  a curious  transitional  form  to  be  presently 
described,  § 464)  into  the  cyclical  mode  of  growth  ; in  which  the  on- 
ginal  segment,  instead  of  budding-forth  on  one  side  only,  developes 
gemmcB  all  round,  so  that  a ring  of  small  chambers  (or  chamberlets) 
is  formed  around  the  primordial  chamber,  and  this  in  its  turn  sur- 
rounds itself  after  the  like  fashion  with  another  ring  ; and  by  suc- 
cessive repetitions  of  the  same  process  the  shell  comes  to  have  the 
form  of  a disk  made  up  of  a great  number  of  concentric  rings,  as  we 
see  in  Orbitolites  (Fig.  316)  and  in  Cycloclypeus  (Plate  xvi.,  fig.  1). 


Itotalia  ornata,  with  its  pseudopodia  extended. 
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458.  These  and  other  difl'erences  in  the  plan  of  growih  were  made 
by  M.  D’Orbigny  the  foundation  of  his  Classification  of  this  group, 
which,  though  at  one  time  generally  accepted,  has  now  been 
-abandoned  by  most  of  those  who  have  occupied  themselves  in  the 
study  of  the  Foraminifera.  For  it  has  come  to  be  generally  admitted 
that  ‘plan  of  growth’ is  a character  of  very  subordinate  importance 
among  the  Foraminifera,  so  that  any  classification  which  is  primarily 
based  upon  it  must  necessaifily  be  altogether  unnatural;  those 
eliaracters  being  of  primary  imiiortance  which  have  an  immediate 
and  direct  relation  to  the  Physiological  condition  of  the  Animal, 
and  are  thus  indicative  of  the  real  affinities  of  the  several  groups 
which  they  serve  to  distinguish.  The  most  important  of  these 
characters  will  now  be  noticed.* 

459.  Two  very  distinct  types  of  Shell-structure  prevail  among 
ordinary  Foraminifera — namely,  the  porcellanous,  and  the  hyaline 
or  vitreoiis.  The  shell  of  the  former,  when  viewed  by  reflected  light, 
presents  an  opaque-white  aspect  which  bears  a strong  resemblance 
to  porcelain  ; but  when  thin  natural  or  artificial  laminrn  of  it  are 
viewed  by  transmitted  light,  the  opacity  gives  place  to  a rich 
brown  or  amber  colour,  which  in  a few  instances  is  tinged  with 
crimson,  hlo  stimcture  of  any  description  can  be  detected  in  this 
kind  of  shell- substance,  which  is  apparently  homogeneous  through- 
out. Although  the  shells  of  this  ‘ porcellanous’  type  often  present 
the  appepance  of  being  perforated  with  foramina,  yet  this  appear- 
ance is  illusory,  being  due  to  a mere  ‘ pitting’  of  the  external 
surface,  which,  though  often  very  deep,  never  extends  througli 
the  whole  thickness  of  the  shell.  Some  kind  of  inequality  of  that 
surface,  indeed,  is  extremely  common  in  the  shells  of  the  ‘ porcel- 
lanous’ Foraminifpa ; one  of  the  most  frequent  forms  of  it  being 
a regular  alternation  of  ridges  and  furrows,  such  as  is  occasionally 
seen  in  Miliola  (Plate  xv.,  fig.  3),  but  which  is  an  almost  constant 

■ characteristic  of  Peneroplis  (fig.  5).  But  no  difference  of  texture 
accompanies  either  this  or  any  other  kind  of  inequality  of  surface ; 
the  raised  and  depressed  portions  being  alike  homogeneous,- — In  the 
shells  of  the  vitreous  or  hyaline  type,  on  the  other  hand,  the  j^roper 
shell- substance  has  an  almost  glassy  transparence,  which  is  shown 
by  it  ahke  in  thin  natural  lamellae,  and  in  artificially-prepared 
specimens  of  such  a,s  are  thicker  and  older.  It  is  usually  colour- 
less, even  when  (as  in  the  case  with  many  Potalince)  the  substance 
of  the  animal  is  deeply  coloured  ; but  in  certain  aberrant  Rotalines 
the  shell  is  commonly,  like  the  animal  body,  of  a rich  crimson  hue. 
All  the  shells  of  this  type  are  beset  more  or  less  closely  with 
tubular  perforations,  which  pass  directly,  and  (in  general)  without 
any  subdivision,  from  one  surface  to  the  other.  These  tubuli 
are  in  some  instances  sufficiently  coarse  for  their  orifices  to  be 

* Tliis  subject  will  bo  found  amply  discussed  in  the  Author’s  “ Introduction 
' to  the  Study  of  tho  Foraminifera,”  published  by  the  Eay  Society;  to  which 
'■  work  he  rvould  refer  such  of  his  readers  .as  may  desire  more  detailed  iufornia- 
' tion  in  regard  to  it. 
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distinguished  with  a maj^nifying  power,  as  ‘ punctatious  ’ on  the  l|| 
surface  of  the  shell,  as  is  shown  in  Fig.  314 ; whilst  in  other  cases  J 
they  are  so  minute  as  only  to  he  discernible  in  thin  sections  secii  H 
by  transmitted  light  under  a higher  magnifying  power,  as  is  shown  I 
in  Figs.  335,  336.  When  they  arc  very  nurnerous  and  closely  set,  ■ 
the  shell  derives  from  their  presence  that  kind  of  opacity  which  is 
characteristic  of  all  minutely-tubular  textures,  whose  tubuli  are 
occupied  either  by  air  or  by  any  substance  having  a refractive  i 
power  different  fr6m  that  of  the  intertubular  substance,  however  » 
perfect  may  be  the  transparence  of  the  latter.  The  straightness,  | 
parallelism,  and- isolation  of  these  tubuli  are  well  seen  in  vertical  i 
sections  of  the  thick . shells  of  the  largest  examples  of  the  group,  | 
such  as  Nummulina  (Fig.  335).  It  often  happens,  however,  that  j 
certain  parts  of  the  shell' are  loft  unchannelled  by  these  tubuli;  | 
and  such  are  readily  distinguished,  even  under  a low  magnifying  I 
power,  by  the  readiness  with  which  they  allow  transmitted  light  i j 
to  pass  through  them,  and  by  the  peculiar  vitreous  lustre  they  rl 
exhibit  when  light  is  thrown  obliquely  on  their  surface.  In  shells.  I 
formed  upon  this  type,  we  frequently  find  that  the  surface  presents  I 
either  bands  or  spots  which  are  so  distinguished  ; the  non-tubular  i 
hands  usually  marking  the  position  of  the  septa,  and  being  some-  ! | 
times  raised  into  ridges,  though  in  other  instances  they  are  either  - 1 
level  or  somewhat  depressed ; whilst  the  non-tubular  spots  may  , H 
occur  on  any  j)art  of  the  surface,  and  are  most  commonly  raised  I 
into  tubercles,  which  sometimes  attain  a size  and  number  that  give 
a very  distinctive  aspect  to  the  shells  that  bear  them. 

460.  Between  the  comparatively  coarse  perforations  which  aro  j 
common  in  the  Rotaline  type,  and  the  oninute  tubuli  which  are 
characteristic  of  the  Nummulinc,  there  is  such  a continuous  grada- 
tion as  indicates  that  their  mode  of  formation,  and  probably  their 
uses,  are  essentially  the  same.  In  the  former,  it  has  been  demon- 
strated by  actual  observation  that  they  allow  the  passage  of 
pseudopodial  extensions  of  the  sarcode-body  through  every  part  of 
the  external  wall  of  the  chambers  occupied  by  it  (Fig.  314) ; and 
there  is  nothing  to  oppose  the  idea  that  they  answer  uhe  same 
purpose  in  the  latter,  since,  minute  as  they  are,  their  diameter  is 
not  too  small  to  enable  them  to  be  traversed  by  the  finest  of  the 
threads  into  which  the  branching  pseudopodia  of  Foraminifera  mu 
known  to  subdivide  themselves.  Moreover,  the  close  approximation  i 
of  the  tubuli  in  the  most  finely-perforated  Nummulines,  makes  i 
their , collective  area  fully  equal  to  that  of  the  larger  but  more-  ; 
scattered  pores  of  the  most  coarsely -perforated  Botalines^  Hence  j ! 
it  is  obvious  that  the  tubnlation  or  non-tuhidation  oi  Foramim- 
feral  shells  is  the  key  to  a very  important  Physiological  difference  J 
between  the  Animal  inhabitants  of  the  two  kinds  respectively ; 
for  whilst  every  segment  of  the  sarcode-body  in  the  former  case  i 
o'ives  OS'  pseudo])odia,  which  pass  at  once  into  the  surrounding 
medium,  and  contribute,  by  their  action  to  the  nutrition  of  the  * 
,so"ment  from  which  they  proceed,  these  pscudopodia  are  limited 
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an  the  latter  case  to  the  final  segment,  issuing-fortli  only  through  the 
aperture  of  the  last  chamber,  so  that  all  .the  nutrient  material 
which  they  draw-in  must  be  first  received  into  .the  last  segment, 
and  be  transmitted  thence  from  one  segment  to  another  until  it 
reaches  the  earliest.  With  this  diiferenceiu  the  jahysiological  con- 
dition of  the  Animal  of  these  two  types,  is  usually  associated  a 
further  very  important  difierence  in  the  conformation  of  the 
tShell — viz.,  that  whilst  the  aperture  of  communication  between 
; the  chambers,  and  between  the  last  chamber  and  the  exterior,  is 
■ usually  very  small  in  the  ‘ vitreous’  shells,  serving  merely  to  give 
passage  to  a slender  stolon  or  thread  of  sarcode  from  which  the 
succeeding  segment  may  be  budded-olf,  it  is  much  wider  in  the 
■*  porcellanous’  shells,  so  as  to  give  passage  to  a ‘ stolon’  that  may 
, not  only  bud-olf  new  segments,  but  may  serve  as  the  medium 
, for  transmittine:  nutnent  material  from  the  outer  to  the  inner 
chambers. 

461.  Between  the  highest  types  of  the  Pdrcellanous  and  the 
Vitreous  series  respectively,  which  frequently  bear  a close  resem- 

( blance  to  each  other  in  form,  there  are  certain  other  well-marked 
differences  in  structure,  which  clearly  ^indicate  their  essential  dis- 
I similarity.  Thus,  for  example,  if  we  compare  Orhitolites  (Pig.  316) 

I with  Cycloclypeus  (Plate  xvr.,  fig.  1),  we  recognize  the  same  plan 
I of  growth  in  each,  the  chamberlets  being  an-anged  in  concen- 
I trie  rings  around  the  primordial  chamber ; and:  to  a superficial 
i observer  there  would  appear  little  difference  between  them.  But 
I a minuter  examination  shows  that  not  only  is  the  texture  of  the 
shell  ‘porcellanous’  and  non -tubular  in  Orhitolites,  whilst  it  is 
‘ ‘ vitreous’  and  minutely  tubular  in  Oycloclypeus ; but  that  the  par- 

titions between  the  chamberlets  are  single  in  the  former,  whilst 
they  are  double  in  the  latter,  each  segment  of  the  sarcode-body 
having  its  own  proper  shelly  investment.  Moreover,  between 
these  double  partitions  an  additional  deposit  of . calcareous  sub- 
stance is  very  commonly  found,  constituting  what  may  be  termed 
the  intermediate  skeleton ; and  this  is  traversed  by  a peculiar 
system  of  inosculating  canals,  which  pass  around  the  chamberlets 
in  interspaces  left  between  the  two  laminm  of  their  partitions, 
and  which  seem  to  convey  through  its  substance  extensions  of 
the  sarcode-body  whose  segments  occupy  the  chamberlets.  We 
occasionally  find  this  ‘intermediate  skeleton’  extending  itself 
into  pecuhar  outgroivths,  which  have  no  direct  relation  to  the 
chambered  shell ; of  this  we  have  a very  curious  example  in  Gal- 
carina  (Plate  xvr.,  fig.  3) ; and  it  is  in  these  that  we  find  the 
‘ canal-system’  attaining  its  greatest  developnient.  Its  most 
regular  distribution,  however,  is  seen  in  Polystomella  and  _ in 
Operculina ; and  an  account  of  it  will  be  given  in  the  description 
of  those  types. 

462.  PoKCELT.ANEA. — Commencing,  now,  with  the  Porcellanous 
series,  we  shall  briefly  notice  some  of  its  most  important  forms, 
which  are  so  related  to  each  other  as  to  constitute  but  the  one  family 
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yitliolida.  Ita  simplest  type  is  presented  by  the  Cornuspira  (Plate  | 
XV.,  hg.  1)  of  our  own  coasts,!  found  attached  to  Sea-weeds  and  i 
Zoophytes  ; this  is  a minute  spiral  shell,  of  which  the  interior  forms  | 
.!;  continuous  tube  not  divided  into  chambers  ; the  latter  portion  o)'  I 
the  spire  is  often  very  much  flattcned-out,  as  in  Pencroptis  (fig  5), 
so  that  the  fonn  of  the  mouth  is  changed  j’rom  a circle  to  a long  i 

narrow^  slit.  Among  the  commonest  of  the  Foraminifera,  and  I 

abounding  near  the  shores  of  almost  every  sea,  ai'e  some  forms  of  i 

the  Miliolmc  type,  so  named  from  the  resemblance  of  some  of  their 
minute  fossilized  forms  (of  which  enormous  beds  of  limestone  in  the 
neighbourhood  of  Paris  are  almost  entirel^y  composed)  to  millet-  ■ 

•seeds.  _ The  peculiar  mode  of  growth  by  which  these  are  character-  I 

ized,  will  be  best  understood  by  examining  in  the  first  instance  the 
forni  which  has  been  designated  as  SpirolocAilhia  (Plate  xv.,  hg.  2). 
lliis  shell  is  a sjDiral,  elongated  in  the  direction  of  one  of  its  diame- 
ters, and  having  in  each  turn  a contraction  at  either  end  of  that 
diameter,  which  partially  divides  each  convolution  into  two  cham- 
bers ; the  sejiaration  between  the  consecutive  chambers  is  made  i 
more  complete  by  a peculiar  projection  from  the  inner  side  of  the 
cavity,  known  as  the  ‘ tongue’  or  ‘ valve,’  which  may  be  considered  as  : 
an  imjierfect  se^itiim ; of  this  a characteristic  example  is  shown  in 
the  ujiper  part  of  fig.  4.  ISTow  it  is  a very  general  habit  in  the 
Miholine  type,  for  the  chambers  of  the  later  convolutions  to  extend 
themselves  over  those  of  the  earlier,  so  as  to  conceal  them  more 
or  less  completely ; and  this  they  very  commonly  do  somewhat 
unequally,  so  that  more  of  the  earlier  chambers  are  visible  on 
one  side  than  on  the  other.  Miliolce  thus  modified  (fig.  3)  have- 
received  the  names  of  Qmngiieloculina  and  Triloculina  according'  . 
to  the  number  of  chambers  visible  externally ; but  the  extreme 
inconstancy  which  is  fouud  to  mark  such  distinctions,  when  the 
comi^arison  of  specimens  has  been  sufficiently  extended,  entirely 
desti’oys  their  value  as  differential  characters.  Sometimes  the 
earlier  convolutions  are  so  completely  concealed  by  the  later,  that 
only  the  two  chambers  of  the  last  turn  are  visible  externally, ; and 
in  this  type,  which  has  been  designated  Biloculiva,  there  is  often 
such  an  increase  in  the  breadth  of  the  chambers  as  altogether 
changes  the  usual  proportions  of  the  shell,  which  has  almost  the 
shape  of  an  egg  when  so  placed  that  either  the  last  or  the  penulti- 
mate chamber  faces  the  observer  (Plate  xv.,  fig.  4).  It  is  very  } 
common  in  kliliohne  shells  for  the  external  surface  to  present  a I 
■ pitting,’  more  or  less  deej),  a ridge-and-furrow  arrangement  (fig.  3),  | ; 

or  a honeycomb  division  ; and  these  diversities  have  been  used  for  { 
the  characterization  of  S23ecies.  Hot  only,  however,  may  every  | ' 
intermediate  gradation  be  met-with  between  the  most  strongly  • 
marked  forms,  but  it  is  not  at  all  uncommon  to  find  the  surface  ! 
smooth  on  some  parts,  wlulst  other  parts  of  the  surface  in  the 
same  shell  are  deej^ly  pitted  or  strongly  ribbed  or  honeycombed ; 
so  that  here  again  the  inconstancj'-  of  these  differences  deprives 
them  of  all  value  as  distinctive  characters. 
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4(J3.  Eeverting  again  to  the  primitive  type  presented  in  the 
■■simple  spiral  of  Cornuspira,  we  find  the  most  complete  development 
of  it  in  Peneroplis  (Plate  xv.,  fig.  6),  a very  beautiful  form, 
wliich,  although  very  rare  on  our  own  coasts,  is  one  of  the 
commonest  of  all  Foraminifera  in  the  shore- sands  and  shallow 
water  dredgiugs  of  the  warmer  regions  of  every  part  of  the  globe. 
'I'his  is  a nautiloid  shell,  of  'svhich  the  spire  flattens  itself  out  as  it 
advances  in  growth ; it  is  marked  externally  by  a series  of  trans- 
verse bands,  which  indicate  the  position  of  the  internal  septa  that 
divide  the  cavity  into  chambers  ; and  these  chambers  communicate 
with  each  other  by  numerous  minute  pores  traversing  each  of  the 
septa,  and  giving  passage  to  threads  of  sarcode  that  connect  the 
segments  of  the  body.  At  a is  shown  the*'  septal  plane’  closing-in 
the  last-formed  chamber,  with  its  single  row  of  pores  through  which 
the  pseudopodial  filaments  extend  themselves  into  the  surrounding- 
medium.  The  surface  of  the  shell,  which  has  a peculiarly  ‘ por- 
cellanous’  aspect,  is  marked  by  closely-set  strice  that  cross  the 
spaces  between  the  successive  septal  bands  ; these  markings,  how- 
ever, do  not  indicate  internal  divisions,  and  are  due  to  a surface- 
tiirrowing  of  the  shelly  walls  of  the  chambers.  This  type  passes 
into  two  very  cnrious  modifications  ; one  having  a spire  which, 
instead  of  flattening  .itself  out,  remains  turgid  like  that  of  a 
Nautilus,  having  only  a single  aperture,  which  sends  out  Assured 
extensions  that  subdivide  like  the  branches  of  a tree,  suggesting 
the  name  of  Dendritina- ; the  other  having  its  spire  continued  in  a 
rectihneal  direction,  so  that  the  shell  takes  the  form  of  a crosier, 
this  being  distinguished  by  the  name  of  SpiroUna.  A careful 
examination  of  intermediate  forms,  however,  has  made  it  evident 
that  these  modifications,  though  ranked  as  of  generic  value  by  M. 
D'Orbigny,  are  merely  varietal;  a continuous  gradation  being 
I'oimd  to  exist  from  the  elongated  septal  plane  of  Peneroplis,  -with 
its  single  row  of  isolated  pores,  to  the  arrow-shaped,  oval,  or  even 
circular  septal  plane  of  Dendritina,  with  all  its  pores  fused  together 
(so  to  speak)  into  one  dendritic  aperture ; and  a like  gradation  being- 
presented  between  the  ordinary  and  the  ‘ spiroline’  forms,  into 
■which  both  Peneroplis  and  Dendritina,  tend  to  elongate  themselves. 

464.  From  the  ordinary  nautiloid  multilocular  spiral,  we  now 
I>ass  to  a more  complex  and  highly-developed  form,  which  is  re- 
stricted to  tropical  regions,  but  is  there  very  abundant — that, 
namel}",  which  has  received  the  designation  Orhiculina  (Plate  xv., 
figs.  6,  7,  8).  The  relation  of  this  to  the  preceding  will  be  best 
understood  by  an  examination  of  its  earlier  stage  of  growth,  repre- 
sented in  flg.  7 ; for  here  we  see  that  the  shell  resembles  that  of 
Peneroplis  in  its  general  form,  but  that  its  principal  chambers  are 
divided  by  ‘ secondary  septa’  passing  at  right  angles  to  the  primary, 
into  ‘ chamberlets’  occupied  by  sub-segments  of  the  sarcode-body. 
Each  of  these  secondary  septa  is  perforated  by  an  apertnre,  so  that 
a continnous  gallery  is  formed,  through  which  (as  in  Fig.  316)  there 
passes  a stolon  that  unites  together  all  the  sub-segments  of  tiach 
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row.  The  chamberlets  of  successive  rows  alternate  with  one 
another  in  position ; and  the  pores  of  the  principal  septa  are  so 
disposed,  that  each  chaniberlet  of  any  row  normally  communicates 
with  two  chamberlets  in  each  of  the  adjacent  rows.  The  later 
turns  of  the  spire  very  commonly  grow  completely  over  the  earlier, 
and  thus  the  central  portion  or  ‘ umbilicus’  comes  to  be  protuberant’ 
whilst  the  growing  edge  is  thin.  The  spire  also  opens-out  at  its 
growing  margin,_  which  tends  to  encircle  the  first-formed  portion, 
and  thus  gives  rise  to  the  peculiar  shape  represented  in  fig.  8,  which 
is  the  common  aduncal  type  of  this  organism.  But  sometimes, 
even  at  an  early  age,  the  growing  margin  extends  so  far  round  on 
each  side,  that  its  two  extremities  meet  on  the  opposite  side  of  the 
original  spire,  which  is.  thus  completely  enclosed  by  it ; and  its 
subsequent  growth  is  no  longer  spiral  but  cyclical,  a succession  of 
concentric  rings  being  added,  one  around  the  other,  as  shown  in 
fig.  6.  This  change  is  extremely  curious,  as  demonstrating  the  inti- 
mate relationship  between  the  spiral  and  the  cyclical  plans  of 
growth,  which  at  first  sight  appear  essentially  distinct.  In  all  but 
the  youngest  examples  of  Orhiculina,  the  septal  plane  presents  more 
than  a single  row  of  jiores,  the  number  of  rows  increasing  in  the 
thickest  specimens  to  six  or  eight.  Tliis  increase  is  associated  with 
a change  in  the  form  of  the  sub-segments  of  sarcode  from  little 
blocks  [to  columns,  and  with  a greater  complexity  in  the  general 
arrangement,  such  as  will  be  more  fully  described  hereafter  in 
Orhitolites  (§  466).  The  largest  existing  examples  of  this  type  are 
far  surpassed  in  size  by  those  which  make  up  a considerable  part 
of  a Tertiary  Limestone  on  the  Malabar  coast  of  India,  whose 
diameter  reaches  7 or  8 lines. 

465.  A very  curious  modification  of  the  same  general  plan  is 
shown  in  Alveolina,  a genus  of  which  the  largest  existing  forms 
(Fig.  315)  are  commonly  about  one- third  of  an  inch  Ion g,  while  far 


Fig.  315. 


Mveolina  Quoii: — a,  a,  septal  plane,  shoving  multiple  pores. 

larger  specimens  are  found  in  the  Tertiary  Lunestones  of  Scinde. 
Here  the  spire  turns  round  a very  elongated  axis,  so  that  the  shell 
has  almost  the  form  of  a cylinder  drawn  to  a point  at  each  ex- 
tremity. Its  surface  shows  a series  of  longitudinal  hnes  which 
mark  the  principal  septa ; and  the  bands  that  intervene  between 
these  are  marked  transversely  by  Lines  which  show  the  subdivision 
of  the  principal  chambers  into  ‘ chamberlets.’  The  chamberlets  of 
each  row  are  connected  with  each  other,  as  in  the  preceding  tyjie. 


PORCELLANOUS  FOEAmNIFERA: — ORBITOLITES.  553 

i Ijy  a continuous  gallery  ; and  they  communicate  with  those  of  the 
next  row  by  a seides  of  multiple  j^ores  in  the  principal  septa,  such 
as  constitute  the  external  orifices  of  the  last-formed  series,  seen  on 
its  septal  plane  at  a,  a. 

466.  The  highest  developement  of  that  cyclical  plan  of  growth 
wliich  we  have  seen  to  be  sometimes  taken-on  by  Orbicuhna,  is 
found  in  Orhitolitcs ; a type  which,  long  known  as  a very  abundant 
fossil  in  the  earlier  Tertiaries  of  the  Paris  basin,  has  lately  proved 
to  be  scarcely  less  abundant  in  certain  parts  of  the  existing  Ocean. 
The  largest  recent  specimens  of  it,  sometimes  attaining  the  size  of 
a shilling,  have  hitherto  been  obtained  only  from  the  coast  of  Jicw 
Holland,  the  Fijian  reefs,  and  various  other  parts  of  the  Polynesian 
Archipelago ; but  disks  of  comparatively  minute  size  and  simpler 
<irganization  are  to  be  found  in  almost  all  Foraminiferal  sands  and 
ilredgings  from  the  shores  of  the  warmer  regions  of  the  globe, 
being  especially  abundant  in  those  of  some  of  the  Philippine 
Islands,  of  the  Eed  Sea,  of  the  Mediterranean,  and  especially  of 
the  AEgean.  When  such  disks  are  subjected  to  microscopic  ex- 
; amination,  they  are  found  (if  uninjured  by  abrasion)  to  present  the 
i structure  represented  in  Fig.  316 ; where  we  see  on  the  suiiace  (by 


Fig.  31G. 


Simple  disk  of  Orhiloliles  complavattif^  liiid  open  to  show  its 
interior  structure ; — o,  central  chamber  ; b,  circumambient 
chamber,  surrounded  by  concentric  zones  of  cbamberlets 
connected  with  each  other  by  annular  and  radiating  passages. 

incident  light)  a number  of  rounded  elevations,  arranged  in  con- 
centric zones  around  a sort  of  nucleus  (which  has  been  laid-open  in 
the  figure  to  show  its  internal  structure) ; wliilst  at  the  margin  we 
observe  a row  of  rounded  projections,  with  a single  aperture  or 
pore  in  each  of  the  intervening  depressions.  In  very  thin  disks, 
the  structure  may  often  be  brought  into  view  by  mounting  them 
in  Canada  balsani  and  transmittmg  light  through  them  ; but  in 
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tliose^  which  are  too  opaque  to  he  thus  seen-throu^h,  it  is  sufficient 
to  mb-down  one  of  the  surfaces  upon  a stone,  and  then  to  mount 
ill  balsam.  ICach  of  tlie  superficial  elevations  will 
then  be  found  to  bo  the  i*oof  or  cover  of  un  ovate  cavity  or  ‘ cham- 
herlet,’  which  communicates  by  means  of  a lateral  passage  with  the 
chamberlet  on  either  side  of  it  in  the  same  ring;  so  that  each 
circular  zone  of  chamberlets  might  be  described  as  a continuous 
annular  passage,  dilated  into  caidties  at  inteiwals.  On  the  other 
hand,  each  zone  communicates  with  the  zones  that  are  internal 
and  external  to  it,  by  means  of  jiassages  in  a radiating  direction  ; 
these  passages  run,  however,  not  from  the  chamberlets  of  the  inner 
zone  to  those  of  the  outer,  but  from  the  connecting  jiassages  of  the 
former  to  the  chamberlets  of  the  latter ; so  that  the  chamberlets  of 
each  zone  alternate  in  position  with  those  of  the  zones  internal  and 
external  to  it.  The  radial  passages  from  the  outermost  annulus 
make  their  way  at  once  to  the  margin,  where  they  terminate,  form- 
ing the  ‘ pores’  which  (as  already  mentioned)  are  to  be  seen  on  its 
exterior.  The  central  nucleus,  when  rendered  sufficiently  trans- 
parpt  by  the  means  just  adverted-to,  is  found  to  consist  of  a 
‘jirimordial  chamber’  (a),  usually  somewhat  pear-shaped,  that 
communicates  by  a narrow  passage  with  a much  larger  ‘ circum- 
ambient^ chamber’  (Z>),  which  nearly  surrounds  it,  and  which  sends 
off  a variable  number  of  radiating  passages  towards  the  chamberlets 
of  the  first  zone,  which  fonns  a complete  ring  around  the  circum- 
ambient chamber.* 

467.  The  idea  of  the  nature  of  the  living  occupant  of  these 
cavities  which  might  be  suggested  by  the  foregoing  account  of 
their  arrangement,  is  fully  bome-out  by  the  results  of  the  examina- 
tion of  the  sarcode-body,  which  may  lae  obtained  by  the  maceration 
in  dilute  acid  (so  as  to  remove  the  shelly  investment)  of  specimens 
of  Orhitolite  that  have  been  gathered  fresh  and  preseiwed  in  spirit. 
For  this  body  is  found  to  be  composed  (Fig.  317)  of  a multitude 
of  segments  of  sarcode,  presenting  not  the  least  trace  of  higher 
organization  in  any  jDart,  and  connected  together  by  .‘  stolons  ’ of 
the  like  substance.  The  ‘ primordial’  pear-shaped  segment,  a,  is  seen 
to  have  budded-off  its  ‘ circumambient’  segment,  h,  by  a narrow  foot- 
stalk or  stolon;  and  this  cii’cumambient  segment,  after  passing  almost 
entirely  round  the  primordial  has  budded-off  three  stolons,  which 
swell  into  new  sub-segments  from  which  the  first  ring  is  formed. 
Scarcely  any  two  specimens  are  precisely  alike  as  to  the  mode  in 


♦ Altliougli  the  above  may  be  considered  tlic  typical  form  of  the  Orbitolife, 
yet,  in  a very  large  proportion  of  specimens,  the  first  few  zones  are  not  com- 
plete circles,  the  early  growth  having  taken  place  from  one  side  oul3’^;  and  them 
is  a very  beautiful  variety  in  which  this  oue-sidedness  of  increase  imparts  a 
distinctly  spiral  character  to  tiie  early  growth,  whichsoon,  however,  gives  place 
to  the  cyclical. — In  the  Orbitolites  tevuiss-imus  (Fig.  318)  brought  up  from  deptba 
of  1500  fathoms  or  more,  the  ‘nucleus’  isformedby  three  or  four  turns  of  a spiral 
closely  resembling  that  of  a Cormtspira  (§  -102), with  an  interruption  at  every  half- 
turn as  in  Spiroloculma ; the  growth  afterwards  becoming  purelj'  concentric. 
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which  the  first  ring  originates  from  the  ‘ circumambient  segment 
for  sometimes  a score  or  more  of  radial  passages  extend  themselves 

Fig.  317. 


Composite  Animal  of  Simple  type  of  Orhitolites  complanatns ; 

— cr,  central  mass'ofsavcode ; 6,  circumambient  segment,  giving 
off  peduncles,  in  which  originate  the  concentric  ssones  of  sub- 
segments  connected  by  anmdar  bands. 

li’om  every  part  of  the  margin  of  the  latter  (and  this,  as  correspond- 
ing \vith  the  plan  of  growth  afterwards  followed,  is  probably  the 
tyincal  arrangement) ; whilst  in  other  cases  (as  in  the  example 
before  us)  the  number  of  these  primary  offsets  is  extremely  small. 
Each  zone  is  seen  to  consist  of  an  assemblage  of  ovate  sub-segments, 
whose  height  (which  could  not  be  shown  in  the  figure)  corresponds 
with  the  thickness  of  the  disk  ; these  sub-segments,  which  are  all 
exactly  similar  and  equal  to  one  another,  are  connected  by  an- 
nular stolons ; and  each  zone  is  connected  with  that  on  its  exterior 
by  radial  extensions  of  those  stolons  passing-ofl’  between  the  sub- 
segments. 

468.  The  radial  extensions  of  the  outermost  zone  issue-forth  as 
pseudopodia  from  the  marginal  pores,  searching-for  and  drawing-in 
alimentary  materials  in  the  manner  formerly  described  (§  397) ; the 
whole  of  the  soft  body,  which  has  no  communication  whatever 
with^  the  exterior  save  through  these  marginal  pores,  being 
nourished  by  the  transmission  of  the  products  of  digestion  from  zone 
to  zone,  through  similar  bands  of  protoplasmic  substance.  In  all 
cases  in  which  the  growth  of  the  disk  takes  place  with  normal 
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vogulavity , it  IS  probable  tliat  a complete  circular  zone  is  added  at 
once,  ilius  we  find  tins  simple  type  of  organization  giving  origin 
to  fabrics  of  by  no  means  microscopic  dimensions,  in  which,  liow- 
ever,  there  is  no  other  differentiation  of  pai-ts  than  that  concerned 

®very  segment  and  every  stolon 
(with  the  exception  of  the  two  forming  the  ‘ nucleus’)  beincr,  so  far 
as  can  be  ascertained,  a precise  repetition  of  every  other,  "and  the 
segments  of  the  nucleus  difiering  from  the  rest  in  nothing  else  than 
tlieir  torin.  1 he  equality  of  the  endowments  of  the  segments  is 
s lovm  by  the  fact  of  which  accident  has  repeatedly  furnished 
liroot— that  a small  portion  of  a disk,  entirely  separated  from  the 
lemainder,  will  not  only  continue  to  live,  but  will  so  increase  as  to 
form  a new  disk  (Fig.  318) ; the  want  of  the  ‘ nucleus’  not  appearing 


Fio.  318. 


Disk  of  OrbitolUes  teiiuissimus,  foiTued  round  fragment  of 
previous  disk. 

to  be  of  the  slightest  consequence,  from  the  time  that  active  life  is 
established  in  the  outer  zones. 

469.  One  of  the  most  curious  features  in  the  history  of  this  type 
is  its  capacity  for  developing  itself  into  a form  which,  wlulst  funda- 
mentally the  same  as  that  previously  described  is  very  much  more 
complex.  In  all  the  larger  specimens  of  Orhitolite,  we  observe  that 
the  marginal  pores,  instead  of  constituting  but  a single  row,  form 
many  rows  one  above  another ; and  besides  tliis,  the  chamberlets 
of  the  two  surfaces,  instead  of  being  rounded  or  ovate  in  form,  are 
usually  oblong  and  straight-sided,  their  long  diameters  lying  in  a 
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radial  direction,  like  those  of  the  cyclical  type  of  Orhiculina  (Plate* 
XV.,  tig.  6).  When  a vertical  section  is  made  through  snch  a disk, 
it  is  found  that  these  oblong_  chambers  constitute  two  snperfidal 
layers,  between  which  are  interposed  columnar  chambers  of  a‘ 
rounded  form  ; and  these 
last  are  connected  together 
by  a complex  series  of  pas- 
sages, the  arrangement  of 
which  will  be  best  under- 
stood from  the  examination 
of  a part  of  the  sarcode- 
body  that  occupies  them 
(Fig.  819).  For  the  oblong 
superficial  chambers  are  oc- 
cupied by  sub-segments  of 
sarcode,  c c,  d d,  lying  side 
by  side,  so  as  to  form  part 
of  an  annnlus,  but  each  of 
them  disconnected  from  its 
neighbours,  and  communi- 
cating only  by  ^a  double 
footstalk  with  the  two  an- 
nular ‘ stolons,’  a a',  h 1/ 
which  obviously  correspond 
with  the  single  stolon  of 
‘ simple’  type  (Fig.  317). 

I’hese  indirectly  connect 
together  not  merely  all  the 
superficial  chamberlets  of 
each  zone,  but  also  the  co- 
lumnar sub-segments  of  the 
intermediate  layer ; for 
these  columns  (e  e,  e'  e') 
terminate  above  and  below 

in  the  annular  stolons,  sometimes  passing  directly  from  one 
to  the  other,  but  sometimes  going  out  of  their  direct  course  to 
coalesce  with  another  column.  The  columns  of  the  successive 
zones  (two  sets  of  which  are  shown  in  the  figure)  communicate 
with  each  other  by  threads  of  sarcode,  in  such  a manner  that  (as 
in  the  simple  type)  each  column  is  thus  brought  into  connection 
with  two  columns  of  the  zone  next  interior,  to  which  it  alternates 
in  position.  Similar  thi-eads,  passing'ofiT  from  the  outermost  zone, 
through  the  multiple  ranges  of  marginal  pores,  would  doubtless  act 
as  pseudopodia. 

470.  ISTowthis  plan  of  growth  is  so  different  from  that  pre\'iousl3’’ 
described,  that  there  would  at  first  seem  ample  ground  for  sepa- 
rating the  sLmjde  and  the  complex  types  as  distinct  species.  But 
the  test  furnished  by  the  examination  of  a.  largo  'number  of  speci- 
'rnnip,  which  ought  never  to  be  passeddiy  when  it  can  possibly  be 


Portion  of  Animal  of  Complex  type  of 
Orbitolites  complanatvs : — a a\  h b\  the  upper 
and  lower  rings  of  two  concenriic  zones ; c c, 
the  upper  layer  of  superficial  sub-segments, 
and  d d,  the  lower  layer,  connected  with  the 
annular  bands  of  both  zones ; e e and 


vertical  sub-segments  of  tlie  two  zones. 


e e . 
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appealed  to,  fuiuishea  tlicse  very  singular  results : — 1st.  That  the 
two  iorms  must  be  considered  as  specifically  identical ; since  there  is 
not  only  a gradational  passage  from  one  to  the  other,  but  they  are 
often  combined  in  the  same  individual,  the  inner  and  first-formed 
portion  of  a large  disk  frequently  presenting  the  simple  type 
whilst  the  Older  and  later-formed  part  has  developed  itself  upon 
the  complex 2nd.  'J’hat  although  the  last-mentioned  circumstance 
would  naturally  suggest  that  the  change  from  the  one  plan  to 
another  may  be  simply  a feature  of  advancing  age,  yet  this  cannot 
be  the  case ; since,  although  the  complex  sometimes  evolves  itself 
even  from  the  very  first  (the  ‘nucleus,’  though  resembling  that  of  the 
simple  form,  sending  out  two  or  more  tiers  of  radiating  threads), 
more  frequently  the  simple  prevails  for  an  indefinite  number  of 
zones,  and  then  changes  itself  in  the  course  of  a few  zones  into  the 
coinplex.— No  department  of  Natural  History  could  furnish  more 
striking  instances  than  are  afforded  by  the  different  forms  presented 
by  the  Foraminiferal  types  now  described,  of  the  wide  range  ofvaria- 
tion  that  may  occur  within  the  limits  of  one  and  the  same  species ; 
and  the  Microscopist  needs  to  be  specially  put  on  his  guard  as  to 
this  point,  in  respect  to  the  lower  types  of  Animal  as  to  those  of 
Vegetable  life,  since  the  determination  of  form  seems  to  be  far 
less  precise  among  such  than  it  is  in  the  higher  types. 

471.  In  what  manner  the  reproduction  of  Orhitolites  is  accom- 
plished, we  can  as  yet  do  little  more  than  guess  ; but  from  appear- 
ances sometimes  presented  by  the  sarcode-body,  it  seems  reasonable 
to  infer  that  gemmules,  corresponding  with  the  zoospores  of  Pro- 
tophytes  (§  244),  are  occasionally  formed  by  the  breaking-up  of 
the  sarcode  into  globular  masses  ; and  that  these,  escaping  Sirough 
the  marginal  pores,  are  sent  forth  to  develope  themselves  into  new 
fabrics.  Of  the  mode  wherein  that  sexual  operation  is  perfoi*med, 
however,  in  which  alone  true  Generation  consists,  nothing  whatever 
is  known. 

472.  Auekacea.— In  certain  fonns  of  the  preceding  family,  and 
especially  in  the  genus  Miliola,  we  not  unfrequently  find  the  shells 
encrusted  with  particles  of  sand,  which  are  imbedded  in  the  proper 
shell-substance.  This  incrustation,  however,  must  be  looked  bn  as 
(so  to  speak)  accidental;  since  we  find  shells  that  are  in  every 
other  respect  of  the  same  type,  altogether  free  from  it.  A similar 
accidental  incrustation  presents  itself  among  cei-tain  ‘vitreous’ 
and  perforate  shells ; but  there,  too,  it  is  on  usually  a basis  of 
true  shed,  and  the  sandy  incrustation  is  often  entirely  absent. 
There  is,  however,  a group  of  Foraminifera  in  which  the  true  shell 
is  constantly  and  entirely  replaced  by  a sandy  envelope,  which  is 
distinguished  as  a ‘ test ;’  the  arenaceous  particles  being  held 
together  only  by  a cement  exuded  by  the  animal.  It  is  not  a little 
curious  that  the  forms  of  these  arenaceous  ‘ tests’  should  represent 
those  of  many  different  types  among  both  the  ‘ porcellanous’  and 
the  ‘vitreous’  series;  whilst  yet  they  graduate  into  one  another 
in  such  a manner,  as  to  indicate  that  aU  the  members  of  this 
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• aveuaceous’  group  are  closely  related  to  eacli  otlier,  so  as  to  form 
a series  of  their  own.  And  it  is  further  remarkable,  that  while  the 
Deep-sea  dredgings  recently  carried  down  to  depths  of  from  1,000 
to  2,500  fathoms,  have  brought  up  few  forms  of  either  ‘ porcellanous’ 
or  ‘ vitreous’  Foraminifera  that  were  not  previously  known,  they 
have  added  greatly  to  our  knowledge  of  the  ‘ arenaceous’  types,  the 
number  and  variety  of  which  far  exceed  all  previous  conception, 
'I’hese  have  not  yet  been  systematically  described ; but  the  follow- 
iug  notice  of  a few  of  the  more  remarkable,  will  give  some  idea  of 
the  inteiest  attaching  to  this  portion  of  the  new  FcLunn  which  has 
been  brought  to  Hght  by  Deep-sea  exploration. 

473.  In  the  midst  of  the  sandy  mud  which  formed  the  bottom 

where  the  wa,im  area  of  the  ‘ Griobigeriua-mud’  (§  480)  abutted  on 
that  over  which  a glacial  stream  flowed,  there  were  found  a number 
of  little  peUets,  varying  in  size  from  a large  pin’s  head  to  that 
of  a la,rge  pea,  formed  of  an  aggregation  of  sand-grains,  minute 
Foraminifers,  &c.,  held  together  by  a tenacious  protoplasmic  sub- 
stance. On  tearing  these  open,  the  whole  interior  was  found  to 
have  the  same  composition  ; and  no  trace  of  any  structural  arrange- 
ment could  be  discovered  in  their  mass.  Hence  they  might  be  sup- 
posed to  be  mere  accidental  agglomerations,  were  it  not  for  their 
conformity  to_  the  ‘ monerozoic’  type  previously  described  (§’393) ; 
for  just  as  a simple  ‘ moner,’  by  a differentiation  of  its  homogeneous 
sarcode,  becomes  an  Amoeba,  so  would  one  of  these  uniform  blend- 
ings of  sand  and  sarcode,  by  a separation  of  its  two  components, 

the  sand  forming  the  investing  ‘ test,’  and  the  sarcode  occupying 
its  mterior, — become  the  arenaceous  AstrozMza.  This  type,  which 
abounds  on  the  sea-bed  in  certain  localities,  presents  remarkable 
variations  of  form  ; being  sometimes  globular,  sometimes  stellate, 
sometimes  cervicorn.^  But  the  same  general  arrangement  prevails 
tl^oughout;  the  cavity  being  occupied  by  a dark-green  sarcode, 
whflst  the  ‘test’  is  composed  of  loosely  aggregated  sand-grains  not 
heW  together  by  any  recognizable  cement,  and  has  no  definite 
orifice,  so  that  the  pseudopodia  must  issue  from  interstices  between 
the  sand-grains,  which  spaces  are  probably  occupied  during  life 
with  living  protoplasm,  that  continues  to  hold  together  the  sand- 
^ains  death.^  These^  are  by  no  means  microscopic  forms  ; 
the  stellate  varieties  ranging  to  0'3  or  even  0‘4  inch  in  diameter, 
and  the  ‘ cervicom’  to  nearly  0'5  inch  in  length.* 

474.  The  purely  Arenaceous  Foraminifera  are  ranged  by  Mr. 
H.  B.  Brady t (by  whom  they  have  been  specially  studied)  under  two 
j amilms : the  first  of  wliich,  Astrorli%zida,  includes  with  the  preceding 
a number  of  coarse  sandy  forms,  usually  of  considerable  size,  and  es- 
sentially monothalamous,  though  sometimes  imperfectly  chambered 
by  constrictions  at  intervals.  Some  of  the  more  interesting  examjiles 


.*  description  and  figiii’es  of  tins  tj'po  given  by  the  Author  in 

“Quart.  Joum.  Microsc.  8ci.,”  Vol.  xvi.  (1876),  p.  221. 

1 See  his  “Notes”  in  “Quart.  Joum.  of  Microsc. 

(18/9),  p.  20;  and  Vol.  xxi.  (1881),  p yi. 
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oH  this  family  will  now  be  noticed ; beginning  with  the  Bacr.amina 
(Sars),  which  is  a remarkably  regular  type,  composed  of  coarse 
sand-grains  firmly  cemented  together  in  a globular  form,  so  as  to 
form  a wall  nearly  smooth  on  the  outer,  though  rough,  on  the  inner 
surface,  with  a projecting  neck  surrounding  a circular  mouth  (Fifr. 
dl9,*  a,h,  c).  This  type,  which  occurs  in  extraordinary  abundance 
in  certain  localities  (as  the  entrance  of  the  Christiania-tjord),  is  of 
peculiar  interest  from  the  fact  that  it  has  been  discovered  in  a 
fossil  state  by  Mr.  H.  B.  Brady,  in  a clay  seam  between  two  layers 
of  Carboniferous  Limestone.  Its  size  is  that  of  very  minute  seeds. 
— In  striking  contrast  to  the  preceding  is  another  single-chambered 
type,  distinguished  by  the  whiteness  of  its  ‘test,’ to  which  the  Author 
has  given  the  name  of  Filulina,  from  its  resemblance  to  a homoeo- 
pnthic  ‘ globule’  (Fig.  319,*  d,  e).  The  form  of  this  is  a very  regular 


Pig.  319  * 
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Areuaceoiis  Foraminifera : — «,  Snccavimn,  spherim;  6,  tlie 
same  laid  open ; c,  portion  of  the  test  enlarged  to  show  its 
component  sand-grains: — d,  I’iliilhta  Jeffreysiix  e,  portion  of 
the  test  enlarged,  showing  the  arrangement  of  the  sponge- 
spicules. 

sphere  ; and  its  orifice,  instead  of  being  circular  and  surrounded  by 
a neck,  is  a slit  or  fissure  with  slightly  raised  lips,  and  having  a 
somewhat  S-shaped  curvature.  It  is  by  the  structure  of  its  ‘ test,’ 
however,  that  it  is  especially  distinguished  ; for  this  is  composed  of 
the  finest  ends  of  sponge-spicules,  very  regularly  ‘ laid’  so  as  to 
form  a kind  of  felt,  through  the  substance  of  which  veiy  fine  sand- 
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grains  are  clispersed.  This  ‘ felt’  is  somewhat  flexible,  and  its  com- 
ponents do  not  seem  to  be  united  by  any  kind  of  cement,  as  it  is 
not  affected  by  being  boiled  in  strong  nitric  acid ; its  tenacity 
therefore,  seems  entirely  duo  to  the  wonderful  manner  in  which  the 
separate  siliceous  fibres  are  ‘ laid.’— It  is  not  a little  curious  that 
these  two  forms  should  present  themselves  in  the  same  dredgino-  • 
and  that  there  should  be  no  perceptible  difference  in  the  character 
of  their  sar code-bodies,  which,  as  in  the  preceding  case,  have  a 
dark-green  hue. — The  Marsipella  elongata  (Fig.  820,  cl),  on  the  other 


Fig.  320. 


Arenaceous  Foramiuifei'a : — a,  h,  upper  aud  lower  aspects 
or  Halophrarjmium  (/lohi(/erinifoi'me ; c,  llvrmns'ma  globulifera; 
fl,  Mai'sipella  elougaia ; e,  terminal  portion,  and/J  middle  portion 
of  the  same,  enlarged;^,  TIutramininu  x>(ipUlatu  ; 7t,  portion 
of  its  inner  surface  enlarged. 


hand,  is  somewhat  fusiform  in  shape,  and  has  its  two  extremities 
elongated  into  tubes,  with  a circular  orifice  at  the  end  of  each.  The 
materials  of  the  ‘ tests  differ  remarkably  according  to  the  nature  of  the 
bottom  whereon  they  live.  When  they  come  up  with  ‘ Globigerina 
mud,  in  which  sponge-spicules  abound,  whilst  sand-grains  are  scarce, 
hey  are  almost  entirely  made  up  of  the  former,  which  are  ‘ laid’ 
m,  a sort  of  lattice-work,  the  interspaces  of  which  are  filled  uji  by 
fine  sand-grains ; but  when  they  are  brought  up  from  a bottom 
on  which  sand  predominates,  the  larger  part  of  the  ‘ test’  is  made 
u])  of  sand-grains  and  minute  Foraminifera,  with  here  and  there 
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a spouge-spicule  (Fig.  320,  d,  f).  Tu  each  case,  however,  the  tubular 
extensions  (one  of  which  sometimes  forms  a sort  of  proboscis,  e, 
nearly  ecpialling  the  body  itself  in  length)  are  entirely  made  up 
of  sponge-spicules  laid  side  by  side  with  extraordinary  regularit}'. 
— The  genus  Bhahdmnmi'na  (Sars)  resembles  Saccamina  in  the 
structure  of  its  ‘ test,’  wliich  is  composed  of  sand-grains  very  firmly 
cemented  together ; but  the  gi-aius  are  of  smaller  size,  and  they 
are  so  disposed  as  to  present  a smooth  sui-face  internally,  though 
the  exterior  is  rough.  What  is  most  remarkable  about  tms,  is  the 
geometrical  regularity  of  its  form,  which  is  typically  triradiate 
(Fig.  321,  c),  the  rays  divergmg  at  equal  angles  from  the  central 
cavity,  and  each  being  a tube  {d)  with  an  orifice  at  its  extremity. 
Not  unfrequently,  however,  it  is  qiiadri-radiate,  the  rays  diverging 
at  right  angles  ; and  occasionally  a fifth  ray  presents  itself,  its 
radiation,  however,  being  on  a difiierent  plane.  The  three  rays  are 
normally  of  ecpial  length ; but  one  of  them  is  sometimes  shorter 
than  the  other  two ; and  when  this  is  the  case,  the  angle  between 
the  long  rays  increases  at  the  expense  of  the  other  two,  so  that  the 
long  rays  lie  more  nearly  in  a straight  line.  Sometimes  the  place 
of  the  third  ray  is  indicated  only  by  a little  knob ; and  then  the  two 
long  rays  have  very  nearly  the  same  direction.  We  are  thus  led 
to  forms  in  which  there  is  no  vestige  of  a third  ray,  but  merely  a 
single  straight  tube,  with  an  orifice  at  each  end  ; and  the  length  of 
tills,  which  often  exceeds  half  an  inch,  taken  in  connection  with 
the  abundance  in  which  it  presents  itself  in  dredgings  in  which 
the  triradiate  forms  are  rare,  seems  to  preclude  the  idea  that 
these  long  single  rods  are  broken  rays  of  the  latter. — It  is  undoubt- 
edly in  this  group  that  we  are  to  place  the  genus  Saliphysema ; 
which,  from  constructing  its  ‘ test’  entirely  of  sponge-siiicules,  and 
even  including  these  in  its  pseudopodial  expansions,  has  been  ranked 
as  a S^Donge,  although  observation  of  it  in  its  living  state  leaves  no 
doubt  whatever  of  its  Rhizopodal  character.* 

475.  Lihwlida. — -The  type  of  this  family,  which  is  named  after  it, 
is  a large,  sandy,  many-chambered  fossil  foim  occurring  in  the 
Chalk,  to  which  the  name  Lituola  was  given  by  Lamarck,  from  its 
resemblance  in  shape  to  a crozier.  A great  variety  of  recent  foims, 
mostly  obtained  by  deeji-sea  dredging,  are  now  included  in  it ; as 
beaiing  a more  or  less  close  resemblance  to  it  and  to  each  other  in 
their  chambered  structure,  and  in  the  arrangement  of  the  sand- 
grains  of  which  their  tests  are  formed. — These  grains  are,  for  the 
most  part,  finer  than  those  of  wliich  the  tests  of  the  preceding 
family  arc  constructed,  and  are  set  (so  to  speak)  more  artistically ; 
and  a considerable  quantity  of  a cement  exuded  by  the  animal  is 
employed  in  uniting  them.  This  is  often  mixed  up  with  sandy 
particles  of  extreme  fineness,  to  fomi  a sort  of  ‘ plaster’  with  winch 
the  exterior  of  the  test  is  smoothed  off,  so  as  to  present  quite  a 

* See  Saville  Keut  in  “ Arm.  of  Nat.  Hist.,”  Ser.  5,  Yol.  ii.  (1878)  : Prof. 
R.  Laukester  in  “Quart.  Jouru.  Microsc.  Sci.,”  Yol.  xis.  (1878),  p.  476;  aud 
Prof.  Mobius’s  “ Foraminifera  vou  Mauritius.’’ 
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IDolishcd  surface.  It  is  remarkable  tliat  the  cement  contains  a 
considerable  quantity  of  oxide  of  iron,  which  imparts  a ferruginous 
hue  to  the  tests  m which  it  is  largely  employed.  The  foSns  of 
the  Lmolmo  tests  often  simulate  in  a very  curious  way  those  of 
the  simpler  Ws  of  the  Vitreous  series.  Thus,  the  long,  spirally 

of  AmmocUsms  is  the  isomorph  of 
bpiriUina  (§  479).  In  the  genus  Halophraqmium  (Fio-  320  a h) 
we  have  a singular  imitation  of  the  GloUqerine  typ°e ; and  in 

320,  p)anot  less  remarkable  imitation 
ot  the  Urb2ilme  Tins  last  is  specially  noteworthy  for  the  admirable 
manner  in  which  its  component  sand-grains  are  set  together ; these 
bemg  small  and  very  unifonn  in  size  ; and  being  disriosed  in  such 
present  a smooth  surface  both  inside  and  out  (Fig. 
3_.0,  II),  whilst  there  are  at  intervals  nipjile-shaped  iirotuberances, 
in  every  one  of  which  there  is  a rounded  orifice.  A like  perfection 
ot  finish  IS  seen  in  the  test  of  ITormosina  glolmlifera  (Fig.  320  c) 
which  IS  composed  of  a succession  of  globular  chambers  rapidly 

Fic.  321. 


Arenaceous  Poramiuifera : — a,  b,  Exterior  and  sectional 
views  01  Reuphax  rudis;  c,  Rhabdummina  abyssortim ; d,  ci'oss 
section  of  one  of  its  anns ; e,  Reop>hax  scorpiurus  ; f,  Ilormosina 
Carpenteri. 


increasing  in  size,  each  having  a narrow  tubular  neck  with  a rounded 
onfice,  which  is  received  into  the  next  segment.  In  other  species 
o the  same  genus,  there  is  _ a nearer  approach  to  the  ordinary 
nouosanne  type, their  tests  being  sometimes  constructed  with  the 
regularity  characteristic  of  the  shells  of  the  true  Aodcscma  (Plate  xv., 
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fig.  10) ; wHlst  in  other  cases  the  chambers  are  less  regularly  1 
<lisposed  (Fig.  321,/),  having  rather  the  character  of  bead-like  en-  > J 
largenients  of  a tube,  whilst  their  Avails  shoAv  a less  exact  selection  of  i ■ 
material,  sponge-spicules  being  Avorked-in  with  the  sand-grains,  so  | 
as  to  give  them  a hirsute  aspect.  A greater  rudeness  of  structure  I 
shows  itself  in  the  nodosarine  forms  of  the  genus  Iteophax;  in  rJ 
which  not  only  are  the  sand-grains  of  the  test  A^ery  coarse,  but  IB 
small  Foraminifera  are  often  Avorked-up  Avith  them  (Fig.  821,  e). 

A straight,  many-chambered  form  of  the  same  genus  (Fig.  321,  a,  h) 
is  remarkable  for  the  peculiar  finish  of  the  neck  of  each  segment ; 
for  Avhilst  the  test  generally  is  composed  of  sand-gi-ains  as  loosely  I 
aggregated  as  those  of  Avhich  the  test  of  Adrorh  tza  is  made  up,  the  ! 
grains  that  form  the  neck  are  firmly  united  by  ferruginous  cement,  | 
forming  a very  smooth  Avail  to  the  tubular  orifice.  { 

476.  The  highest  development  of  the  ‘Arenaceous’  type  at  the  v 
present  time  is  found  in  the  forms  that  imitate  the  very  regular  ^ 
■nauiiloid  shells,  both  of  the  ‘ porceUanous’  and  the  ‘ vitreous’  series ; 
and  the  most  remarkable  of  these  is  the  Cyclmmnina  cancelled n 
(Fig.  322),  which  has  been  brought  up  in  considerable  abundance 


Fig  3-22. 


Cijclammhm  c.ancellata : — sliowing  at  «,  its  external  aspect ; t 

&,  its  internal  structure  ; c,  a portion  of  its  outer  wall  more  i 

highly  magnified,  showing  the  sand-grains  of  Avhich  it  is  built 
up,  and  the  passages  excavated  in  its  substance.  i 

from  depths  ranging  doAimwards  to  1,900  fathoms,  the  largest  | ^ 
examples  being  found  witliin  700  fathoms.  The  test  (Fig.  322,  a)  is  | 
composed  of  aggregated  sand-grains  firmly  cemented  together  aud  : 
smoothed  over  externally  Avith  ‘ plaster,’  in  which  large  glistening  { 
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sand-grains  are  sometimes  set  at  regular  intervals,  as  if  for  orna- 
ment. On  laying  ojoen  the  s]nre,  it  is  found  to  be  very  regularly 
divided  into  chambers  by  partitions  formed  of  cemented  sand°grains 
(b) ; a communication  between  these  cliambers  being  left  liy  a hssure 
lit  the  inner  margin  of  ■ the  spire,  as  in  Operotdina  (Plate  xvi., 
fig.  2)_.  One  of  the  most  curious  features  in  the  structure  of  this 
type,  is  the_ extension  of  the  cavity  of  each  chamber  into  passages 
excavated  in  its  thick  external  Avail  ; eacli  passage  being  sur- 
rounded by  a very  regular  arrangement  of  sand-grains,  as  shown 
at  c.  It  not  unfrequently  liajijiens  that  the  outer  layer  of  tlie 
test  is  Avorn-away,  and  the  ends  of  the  passages  then  show  them- 
selves as  pores  ujion  its  _ surface ; this  appearance,  however,  is 
abnormal,  the  jiassages  simply  running  from  the  chamber-cavity 
into  the  tliickness  of  its  wall,  and  haAung  (so  long  as  this  is  com- 
plete) no  pternal  opening.  This  ‘ labyrinthic’  structure  is  of  great 
interest,  from  its  relation  not  only  to  the  similar  structure  of  the 
large  Fossil  examples  of  the  same  type,  but  also  to  that  which  is 
presented  in  other  gigantic  Fossil  arenaceous  forms  to  be  jiresently 
described. 

477.  Although  some  of  the  JSTautiloid  Lituolm  are  among  the 
largest  of  existing  Foraminifera,  haAung  a diameter  of  0'3  inch,  they 
are  mere  dwarfs  in  comparison  with  two  gigantic  Fossil  forms, 
Avhose  structure  has  been  elucidated  by  Mr,  H.  B.  Brady  and 
the  Author,*  Geologists  who  have  worked  over  the  Greensand 
of  Cambridgeshire  have  long  been  famihar  Avith  solid  sj)herical 
Imdies  which  there  jDresent  themselves  not  unfrequently,  varying  in 
size  from  that  of  a jjistol-bullet  to  that  of  a small  cricket-ball ; and 
Avhilst  some  regarded  them  as  Mineral  concretions,  others  were  led 
by  certain  appearances  presented  by  their  surfaces,  to  suppose  them 

■ to  be  fossihzed  Sj)onges.  A specimen  haAung.been  fortunately  dis- 
. covered,  however,  in  which  the  original  structure  had  remained 

unconsolidated  by  mineral  infiltration,  it  was  submitted  by  Prof. 
Monis  to  the  Author,  who  Avas  at  once  led  by  his  examination  of  it 

■ to  recogmze  it  as  a member  of  the  Arenaceous  group  of  Foraminifera, 

■ to  which  he  gave  the  designation  Parheria,  in  comphment  to  his 
A'alued  friend  and  coadjutor,  Mr.  W.  K.  Parker.  A section  of  the 

' sphere  taken  through  its  centre  (Fig.  323)  presents  an  asjAect  very 
much  resembling  that  of  an  OrbitoHte  (§  466),  a series  of  cham- 
' berlets  being  concentrically  arranged  round  a ‘ nucleus  and  as 
' the  same  appearance  is  presented,  whatever  be  the  direction  of  the 
section,  it  becomes  apparent  that  these  chamberlets,  instead  of 

• being  arranged  in  successive  rings  on  a single  plane,  so  as  to  form 
a disk,  are  groujAed  in  concentric  spheres,  each  completely  investing 

f that  Avhich  preceded  it  in  date  of  formation.  The  outer  Avail  of 

• each  chamberlet  is  itself  .'penetrated  by  extensions  of  the  cavitj' 
into  it.^  substance,  as  in  the  Cgclammina  last  described;  and  these 
passages  are  separated  by  partitions  very  regularly  built  up  of 

* Rco  thnir  ‘Description  of  ParJerria  a,nd  Loftusia,'  in  “Philosophical  Traus- 
i actions,”  18G9,  p.  721. 
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Rand-grains,  wHch  also  close-in  tlieir  extremities,  as  is  shown  in 
dig'.  324.  The  concentric  sphei'es  are  occasionally  separated  by 


11 


Fig.  323. 


I 


Gcnerfil  view  of  the  internal  structure  of  Parlctria : — In  the  i ■ 

horizontal  section,  Z',  P,  P,  mark  the  four  thick  la3'ers ; in  the  ' 

vertical  sections,  A marks  the  internal  surface  of  a layer 
separated  by  concentric  fracture  ; B,  the  appearance  presented  : ' 

bj'  a similar  fracture  passing  through  the  radiating  processes; 

C,  the  result  of  a tangential  section  passing  through  the  cancel-  ; 

lated  substance  of  a lamella ; d,  the  appearance  presented  by  I . 

the  external  surface  of  a lamella  separated  by  a concentric  I ’ 

fracture  which  has  passed  through  the  i-adial  processes;  \ 

E,  the  aspect  of  a section  taken  in  a radial  dii-ectiou,  so  as  j ,! 

to  cross  the  solid  lamelliE  and  their  intervening  spaces;  j 1 

c',  c^,  c‘,  successive  chambers  of  nucleus. 

. t 

walls  of  more  than  ordinary  thickness  ; and  such  a wall  is  seen  in  id 
Fig.  323  to  close-in  the  last  formed  series  of  chamberlets.  But  i! 

these  walls  have  the  same  ‘ labyrinthic’  structure  as  the  tliinner  -.i 
ones  ; and  an  examination  of  numerous  specimens  shows  that  they  j ' ‘i 
are  not  formed  at  any  regular  intervals.  The  ‘ nucleus’  is  always  { 
composed  of  a single  series  of  chambers  arranged  end  to  end,  ' >. 
sometimes  in  a straight  line,  as  in  Fig.  323,  c',  c^,  c^,  some-  [ ■ i 

times  forming  a Bjiiral,  and  in  one  instance  returning  upon  itseh.  i 
But  the  outermost  chamber  enlarges,  and  extends  itself  over  the  | 
whole  ‘ nucleus,’  very  much  as  the  ‘ circumambient’  chamber  of  the  | • 
Orbitolite  extends  itseK  round  the  primordial  chamber  (§  466) ; and  ■ : 
radial  prolongations  given  off  from  tins  in  every  direction  form  the  , ! 
lirst  investing  sphere,  round  which  the  entire  series  of  concentric  j 
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spheres  are  successively  formed.  Of  the  saud  of  which  this  re- 
lUcukablG  fcibiic  is  coustructGd,  cibout  60  C6iit.  consists  of  plios- 
phate  of  lime,  aud  nearly  ^ 


Fig.  324. 


Portion  of  one  of  tlio  laniellaB  of  Par- 
heria,  sliowino;  the  sand-griiius  of  wliieli  it 
is  built  up,  and  the  passages  extending  into 
its  substance. 


the  whole  remainder  of  car- 
bonate of  lime.  — Another 
large  Fossil  arenaceous  type, 
constiTicted  upon  the  same 
general  jilan,  but  growing 
spirally  round  an  elongated 
axis  after  the  manner  of  A Iveo- 
lina  (Fig.  315),  and  attaining 
a length  of  three  inches,  has 
been  described  by  Mr.  H.  B. 

Brady  (Zoc.  cit.),  under  the 
name  Loffusia,  after  its  dis- 
coverer, the  late  Mr.  W.  Iv. 

Loftus,  who  brought  it  from 
the  Turko-Persian  frontier, 
where  he  found  it  imbedded 
in  “ a blue  marly  limestone” 

231’obably  of  early  Tertiary 
age^ 

478.  There  is  nothing,  it  seems  to  the  Author,  more  wonderful 
in  N'ature,  than  the  building-up  of  these  elaborate  and  symmetrical 
structures  by  mere  ‘ jelly-sjDecks,’  23resenting  no  trace  whatever  of 
that  definite  ‘ organization’  which  we  are  accustomed  to  regard 
necessary  to  the  manifestations  of  Conscious  Life.  Sujipose  a 
Human  mason  to  be  j)ut  down  by  the  side  of  a pile  of  stones  of 
various  shapes  and  sizes,  and  to  be  told  to  build  a dome  of  these, 
smooth  on  both  surfaces,  without  using  more  than  the  least 
possible  quantity  of  a very  tenacious  but  very  costly  cement 
in  holding  the  stones  together.  If  he  accomjilished  this  well,  he 
would  receive  credit  for  great  intelligence  and  skill.  Yet  this  is 
exactly  what  these  little  ‘ jelly-sjiecks’  do  on  a most  minute  scale  ; 
the  ‘tests’  they  construct,  when  liighly  magnified,  bearing  com- 
parison with  the  most  skilful  masonry  of  Man.  From  the  same 
sandy  bottom,  one  species  jiicks  u]d  the  coarser  quartz-grains,  unites 
them  together  with  a ferruginous  cement  secreted  from  its  own 
substance,  and  thus  constructs  a flask-shajied  ‘ test’  having  a 
short  neck  and  a single  large  orifice.  Another  jiicks  ,u]3  the  finer 
grains,  and  puts  them  together  with  the  same  cement  into  per- 
fectly spherical  ‘ tests’  of  the  most  extraordinary  finish,  jierforated 
with  numerous  small  jiores,  disposed  at  jiretty  regular  intervals. 
Another  selects  the  minutest  sand-grains  and  the  terminal  jiortions 
of  sponge-spicules,  and  works  these  uj)  together — ajiparently  with 
no  cement _ at  all,  but  by  the  mere  ‘laying’  of  the  sfiicules — into 
perfect  white  spheres,  like  homoeo]pathic  globules,  each  having  a 
single  fissured  orifice.  And  another,  which  makes  a straight 
many-chambered  ‘test,’  the  conical  mouth  of  each  chamber 
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projecting  into  the  cavity  of  the  next,  while  forming  the  walls 
ot  its  chambers  of  ordinary  sand-grains  rather  loosely  hejd  to- 
gethei,  shajies  the  conical  months  of  the  successive  chambers  liy 

nrmly  cementing  to  each  other  the  cpiartz-grains  which  border  it. 

io  give  these  actions  the  vague  designation  ‘instinctive,’  does  not 
lu  the  least  help  us  to  account  for  them  ; since  what  we  want  is,  to 
discover  the  vicchanism  by  which  they  are  worked-out ; and  it  is 
most  difficult  to  conceive  how  so  artificial  a selection  can  be  made 
by  creatures  so  simple. 

479.  Yiteea.— Eeturning  now  to  the  Foraminifera  which  form 
true  shells  by  the  calcification  of  the  superficial  layer  of  their  sar- 
code-bodies,  we  shall  take  a similar  general  survey  of  the  vitreous 
series,  whose  shells  are  perforated  by  multitudes  of  minute  foramina 
(Pig.  814).  Thus,  Spirillina  has  a minute,  spirally  convoluted, 
undivided  tube,  resembling  that  of  Cornuspira  (Plate  xv.,  fig.  1), 
but  having  its  wall  somewhat  coarsely  perforated  by  numerous 
apertures  for  the  emission  of  pseudopodia.  The  ‘ monothalamous’ 
forms  of  tins  growth  mostly  belong  to  the  Family  Lagenida ; which 
also  contains  a series  of  transition-forms  leading  uj)  gradationally 
to  the  ‘ polythamous’  ISTautiloid  tyjDe.  In  Lnejena  (Plate  xv.,  fig.  9) 
the  mouth  is  narrowed  and  prolonged  into  a tubular  neck,  giving 
to  the  shell  the  form  of  a microscopic  flask ; this  neck  teiminates 
in  an  everted  lip,  which  is  marked  with  radiating  furrows. — A 
mouth  of  this  kind  is  a distinctive  character  of  a large  group  of 
many-chambered  shells,  of  which  each  single  chamber  bears  a more 
or  less  close  resemblance  to  the  simple  Lagena,  and  of  wliich,  like 
it,  the  external  surface  generally  presents  some  kind  of  ornamenta- 
tion, wliich  may  have  the  form  either  of  longitudinal  ribs  or  of 
pointed  tubercles.  Thus  the  shell  of  Nodosaria  (fig.  10)  is  obviously 
made  uji  of  a succession  of  lageniform  chambers,  the  neck  of  each 
being  received  into  the  cavity  of  that  which  succeeds  it ; whilst  in 
Cristellaria  (fig.  11)  we  have  a similar  succession  of  chambers,  j^re- 
senting  the  characteristic  radiate  aperture,  and  often  longitudinally 
ribbed,  disposed  in  a nautiloid  spiral.  Between  Nodosaria  and 
Cristellaria,  moreover,  there  is  such  a gradational  series  of  con- 
necting forms,  as  shows  that  no  essential  difierence  exists  between 
these  two  types,  which  must  be  combined  into  one  genus,  Nodo- 
sarma ; and  it  is  a fact  of  no  little  interest,  that  these  varietal 
forms,  of  which  many  are  to  be  met- with  on  our  own  shores,  but 
which  are  more  abundant  on  those  of  the  Mediterranean  and 
especially  of  the  Adriatic,  can  be  traced  backwards  in  Geological 
time  even  as  far  as  the  17ew  Bed  Sandstone  period. — In  another 
genus,  Folymorphina,  we  find  the  shell  to  be  made  up  of  lageniform 
chambers  arranged  in  a double  series,  alternating  with  each  other 
on  the  two  sides  of  a rectilinear  axis  (fig.  13) ; here,  again,  the  fonu.^ 
of  the  individual  chambers,  and  the  mode  in  wliich  they  are  set  one 
upon  another,  vary  in  such  a manner  as  to  give  rise  to  very  marked 
differences  in  the  general  configuration  of  the  shell,  which  arc 
indicated  by  the  name  it  bears. 
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4S0.  Glohifierinida. — Eeturniug  once  again  to  the  simple  ‘mono- 
thalanioixs  condition,  we  have  in  Orlmlina — a minnte  sjxherical 
shell  that  jxresents  itself  in  greater  or  less  abundance  in  Deep-sea 
dredgings  from  almost  eveiy  region  of  the  globe— a globular 
chamber  with  porous  walls,  and  a sim^xle  circular  aperture  that  is 
frequently  replaced  by  a number  of  large  pores  scattered  through- 
out the  wall  of  the  sphere.  _ It  is  maintained  by  some  that  Orltolina 
is  really  a detached  generative  segment  of  Glohigerina,  with  winch  it 
is  generally  found  associated.— The  shell  of  Glohigerina  consists  of 
an  assemblage  of  nearly  spherical  chambers  (Fig.  325),  having 


Fig.  325. 


Glohigerina  bnllokles,  as  seen  iu  three  positions. 


coarsely  porous  walls,  and  cohering  externally  into  a more  or  less 
regular  tnrbinoid  spire,  each  turn  of  which  consists  of  four  cham- 
bers progressively  increasmg  in  size.  These  chambers,  whose  total 
number  seldom  exceeds  sixteen,  do  not  communicate  directly  with 
each  other,  but  open  separately  into  a common  ‘ vestibule’  which 
occupies  the  centre  of  the  nndei’  side  of  the  spire. — This  type  has  re- 
cently attracted  great  attention,  from  the  extraordinary  abundance 
in  which  it  occurs  at  great  depths  over  large  areas  of  the  Ocean- 
bottom.  Thus  its  minnte  shells  have  been  found  to  constitute  no 
less  than  97  per  cent,  of  the  ‘ ooze’  brought  up  from  dejiths  of  from 
1260  to  20U0  fathoms  in  the  middle  of  the  northern  parts  of  the 
Atlantic  Ocean.  The  surface-layer  of  this  ooze,  the  thickness  of 
which  is  enth’ely  unknown,  consists  of  Globigerinae  whose  chambers 
are  occupied  by  the  sarcodic-bodies  of  the  animals,  and  which  may 
therefore  be  presumed  to  be  Hving  on  the  bottom;  wliilst  its  deeper 
layers  are  almost  entirely  composed  of  dead  and  disintegrating 
shells  of  the  sanie  tyjie.  The  younger  shells,  consisting  of  from 
eight  to  twelve  chambers,  are  thin  and  smooth ; but  the  older 
shells  are  thicker,  their  surface  is  raised  into  ridges  that  form  a 
hexagonal  areolation  round  the  pores  (Fig.  326,  a)  ; and  this  tliicken- 
ing  is  shown  by  examination  of  thin  sections  of  the  shell  (b)  to  be 
produced  by  an  exogenous  dejiosit  around  the  original  chamber-wall 
(corresponding  with  the  ‘ intermediate  skeleton’  of  the  more  com- 
plex  types),  which  sometimes  contains  little  flask-shaped  cavities 
nlled  with  sarcode — as  was  first  pointed-ont  by  Dr.  Wallich.  But 
the  sweeping  of  the  upper  waters  of  the  Ocean  by  the  ‘ tow-net’ 
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(§  217),  which  was  systematically  carried-on  during  the  voyage  of 
the  ‘ Challenger,’  brought  into  prominence  the  fact  that  ttieso 


Fig.  32C. 


Gldbigerina,  from  Atlantic  ooze  showing  thickening  of  sliell 
by  exogenous  deposit : — A,  entire  shell,  showing  Areolated 
ridges  of  surface  ; B,  portion  of  shell  more  highly  magnified, 
showing  orifices  of  tubuli  and  large  cavities  filled  with  sar- 
code ; c,  section  of  shell  showing  exogenous  deposit  upon 
original  chamber- wall,  which  is  raised  into  ridges  with  tubuU 
between  them,  and  includes  sarcodic  cavities. 

waters  in  all  but  tire  coldest  seas  are  inhabited  by  floating  Globi- 
gerinm,  whose  shells  are  beset  with  multitudes  of  dehcate  calcareous 
spines,  which  extend  themselves  radially  from  the  angles  at  which 
the  ridges  meet,  to  a length  equal  to  four  or  five  times  the  diameter 
of  the  shell  (Fig.  327).  Among  the  bases  of  these  spines,  the  sarcodic 
substance  of  the  body  exudes  through  the  j)ores  of  the  shell,  fonuing 
a flocculent  fiinge  arouud  it ; and  this  extends  itself  on  each  of  the 
spines,  creeping  up  one  side  to  its  extremity,  and  passing  down 
the  other,  with  the  peculiar  flowing  movement  already  described. 
(§  395).  The  whole  of  this  sarcodic  extension  is  at  once  retracted 
if  the  ceU  wloich  holds  the  Globigerina  receives  a sudden  shock,  or 
a drop  of  any  irritating  fluid  is  added  to  the  water  it  contains. — It 
is  maintained  by  Sir  Wyville  Thomson  that  the  bottom-dei^osit  is 
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formed  by  the  contiuxxal  ‘ i-cainiug-dowii’  of  the  Globigerium  of  the 
upper  waters,  which  (he  affirms)  only  live  at  or  near  tlie  sm-face, 

Fig.  327. 


Olohiyevina,  as  cajptured  by  tow-net,  floating  at  or  near  surface. 

and  which,  when  they  die,  lose  their  spines  and  subside.  But  it  has 
been  shown  by  the  careful  comparison  made  by  Mr.  H.  B.  Brady 
between  the  surface-gatherings  and  the  bottom-deposits  of  the  same 
areas,  that  the  two  are  often  so  marked,  as  to  forbid  the  idea  that  the 
latter  are  solely  derived  from  the  former.*  For  not  only  are  there 
sevmal  specific  types  found  in  each,  which  do  not  present  themselves 
in  the  other,  ^but,  as  a rale,  the  shells  of  the  types  common  to  both 
are_  larger  and  thicker  in  the  latter  than  they  are  in  the  former. 
+1  strongly  sujiports  the  conclusion  originally  drawn  by 

examination  of  the  Globigerina-ooze,  that 
^ e shells  forming  its^  surface-layer  must  live  on  the  bottom,  being 
incapable  of  floating  in  consequence  of  their  weight ; and  that  if 
they  have  passed  the  earher  part  of  their  lives  in  the  upper  waters, 
they  drop  down  as  soon  as  the  calcareous  deposit  continually 
exumng  from  the  body  of  each  animal,  instead  of  being  employed 
m the  formation  of  new  chambers,  is  ajiplied  to  the  thickening  of 
those  preyioiisly  formed. — That  many  types  of  Foraminifera  pass 
leii  whole  lives  at  depths  of  at  least  2000  fathoms,  is  proved,  in 
legal d to  those  fonning^  Calcareous  shells,  by  their  attachment  to 
stones,  corals,  &c. ; and  in  the  case  of  the  Arenaceous  types,  by  the 

. * “Qufirt  Jouni.  Micro.se.  Sci.,”  Vol.  xix.  (1879),  p.  295. 
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iiict  that  tliey  can  only  procure  oa  iho  huttomiXia  sand  of  which 
their  ‘ tests’  arc  made  up. 

481.  A very  remarkable  type  has  recently  hecn  discovered,  ad- 
herent to  shells  and  corals  brought  from  tropical  seas,  to  wliich 
tlm  name  Garpenteria  has  been  given ; this  may  be  regarded  as  a 
highly  developed  form  of  Globigerina,  its  first-formed  portion 
having  all  the  essential  characters  of  that  genus.  It  gi'ows  attached 
by  the  apex  of  its  spire  ; and  its  later  chambers  increase  rapidly  iu 
size,  and  are  piled  on  the  earlier  in  such  a manner  as  to  foian  a 
dejn'essed  cone  with  an  irregular  spreading  base.  The  essential 
character  of  Globigerina — the  separate  orifice  of  each  of  its 
chambers — is  here  retained  with  a curious  modification ; for  the 
central  vestibule,  into  which  they  all  open,  forms  a sort  of  vent 
whose  orifice  is  at  the  ajiex  of  the  cone,  and  is  sometimes  prolonged 
into  a tube  that  proceeds  from  it ; and  the  external  wall  of  tliis 
cone  is  so  marked-out  by  se]ptal  bands,  that  it  comes  to  bear  a 
strong  resemblance  to  a minute  Ualanns  (acorn-shell),  for  which 
tins  tyjDe  was  at  first  mistaken.  The  principal  chambers  are  partly 
divided  into  chamberlets  by  incomplete  partitions,  as  we  shall  find 
them  to  be  in  Uozoon  (§  494).  The  presence  of  sponge-s]picules  in 
large  quantity  in  the  chambers  of  many  of  the  best-preserved 
examples  of  this  type,  was  for  some  time  a source  of  perplexity ; 
but  this  is  now  explained  by  the  interesting  observations  made  b}' 
Prof.  Mbbius*  on  a large  branching  and  spreading  form  of  Cavpen- 
teria,  which  he  recently  met-with  on  a reef  near  Mauritius,  and  to 
which  he  has  given  the  name  of  C.  rliapMclodendron.  For  the 
pseudopodia  of  this  Ehizopod  have  the  habit,  like  those  of  Hali- 
pli.ysema  (§  474),  of  taking  into  themselves  sponge-spicules,  which 
they  draw  into  the  chambers,  so  that  they  become  incorporated 
with  the  sarcode-body. 

482.  A less  aberrant  modification  of  the  Globigerine  type,  how- 
ever, is  presented  in  the  two  great  series  which  may  be  designated 
(after  the  leading  forms  of  each)  as  the  Textnlarian  and  the 
liotalian.  For  notwithstanding  the  marked  difference  in  then’ 
respective  plans  of  growth,  the  characters  of  the  individual 
chambers  are  the  same  ; their  walls  being  coarsely-porous,  and  their 
apertures  being  oval,  semi-oval,  or  crescent-shaped,  sometimes 
merely  fissured.  In  Textularia  (Plate  xa’.,  fig.  14)  the  chambers 
are  arranged  biserially  along  a straight  axis,  the  position  of  those 
on  the  two  sides  of  it  being  alternate,  and  each  chamber  opening 
into  those  above  and  below  it  on  the  opposite  side  by  a narroAV 
fissure ; as  is  well  shown  in  such  ‘ internal  casts’  (Fig  328,  a)  as 
exMbit  the  forms  and  connections  of  the  segments  of  sarcode  by 
wliich  the  chambers  were  occupied  during  life.  In  the  genus 
Bulimina  the  chambers  are  so  arranged  as  to  form  a spire  like  that 
of  a Bulimus,  and  the  aperture  is  a curved  fissure  whose  direction 
is  nearly  transverse  to  that  of  the  fissure  of  Textularia ; but  in  tliis, 
as  in  the  preceding  type,  there  is  an  extraordinary  i-ariety  in  the 

* See  Lis  “Foraminifera  von  Manritiiis,”  Plates  v vi. 
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ilisposition  of  the  chambers.  lu  both,  moreover,  the  shell  is  often 
covered  by  a sandy  incrustation,  so  that  its  perforations  are  com- 
pletely hidden,  and  can  only  bo  made  -sdsible  by  the  removal  of  the 

Fig.  .^28. 
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flattencil-ont.  A peculiar  form  of  tliis  type  (Fig,  329),  iu  •wliicli 
tlie  walls  of  the  jules  arc  thicheued  at  their  meeting-augles  into 

solid  columns  that  aj:)pear  on  the 
surface  as  tubercles,  and  are  some- 
times prolonged  into  sj^inous  out- 
growths that  radiate  from  the 
central  mass,  is  of  very  common 
occurrence  in  shore  - sands  and 
shallow -water  dredgings  on  some 
parts  of  the  Australian  coast  and 
among  the  Polynesian  islands. — 
To  the  simple  form  of  this  genus 
we  are  j)robably  to  refer  a large 
l^art  of  the  fossils  of  the  Cretaceous 
and  early  Tertiary  period,  that 
have  been  described  under  the  name 
Orbitolina,  some  of  which  attain 
a very  large  size.  Globidar  OrhU 
tolincB,  which  appear  to  have  been 
artificially  perforated  and  stinng 
as  beads,  are  not  unfrequently 
found  associated  with  the  “flint-implements”  of  gravel-beds. — 
Another  very  curious  modification  of  the  Eotaline  type  is  presented 
by  Folytrema,  which  so  much  resembles  a Zoophyte  as  to  have 
been  taken  for  a minute  Millepore;  but  which  is  made  up  of  an 
aggregation  of  ‘ globigerine’  chambers  communicating  with  each 
other  like  those  of  Tinoporus,  and  differs  from  that  genus  in 
nothing  else  than  its  erect  and  usually  branching  manner  of  growth, 
and  the  freer  communication  between  its  chambers.  This,  again, 
is  of  special  interest  in  relation  to  Eozoon ; showing  that  an  in- 
definite zoophytic  mode  of  growth  is  perfectly  compatible  with 
truly  Foraminiferal  structure. 

484.  In  Botalia,  properly  so  called,  we  find  a marked  advance 
towards  the  highest  type  of  Foraminiferal  structure;  the  loartitions 
that  divide  the  chambers  being  composed  of  two  laminm,  and  spaces 
being  left  between  them  which  give  passage  to  a system  of  canals, 
whose  general  distribution  is  shown  in  Fig.  330.  The  proper  walls 
of  the  chambers,  moreover,  are  thickened  by  an  extraneous  deposit 
or  ‘intermediate  skeleton,’  which  sometimes  forms  radiating  out- 
growths ; but  this  peculiarity  of  confoianation  is  carried  much 
further  in  the  genus  Galcarina,  which  has  been  so  designated  from 
its  resemblance  to  a spur-rowel  (Plate  xvi.,  fig,  3).  The  sohd 
club-shaped  aj)pendages  with  which  this  shell  is  provided,  entirely 
belong  to  the  ‘ intermediate  skeleton’  h,  which  is  qiiite  independent 
of  the  chambered  structure  a;  and  this  is  nourished  by  a set  of 
canals  containing  prolongations  of  the  sarcode-body,  which  not  only 
furrow  the  surface  of  these  appendages,  but  are  seen  to  traverse 
their  interior  when  this  is  laid  open  by  section,  as  shown  at  c.  In 
no  other  recent  Foraminifer  does  the  ‘ canal  system’  attain  a like 


Fio.  320. 


Tinoporus  haculatus. 
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clue  to  its  meaning  in  '^^'^oscopic  study,  attords  a valuable 
the  gigantic  fossil  organ- 
ism Eozoon  Ganadense 
(§  494).  The  resemblance 
which  Calcarina  bears 
to  the  radiate  forms  of 
Tinoporus  (Fig.  329), 
which  are  often  found 
with  them  in  the  same 
dredgings,  is  frequently 
extremely  striking ; and 
in  their  early  growth  the 
two  can  scarcely  be  dis- 
tinguished, since  both 
commence  in  a ‘rotaline’ 
sj)ire  with  radiating  aj)- 
pendages ; _ but  whilst 
the  successive  chambers 
of  Calcarina  continue  to 
be  added  on  the  same 
plane,  those  of  Tino- 
ponis  are  heaped-up  in 
less  regular  piles. 

^485.  Certain  beds  of 
Carboniferous  Lime- 
stone in  Eussia  are 


Section  of  IlotaUa  Scliroeiterlana  near  its 
base  and  parallel  to  it : — showing,  a,  a,  the  radia- 1 
ting  interseptal  canals ; &,  their  internal  bifurca- 
tions; c,  a,  transverse  branch;  d,  tubular  wall  of 
the  chambers, 

hke  the  more  modern  ETummulitic  Limestone 
(§489),  of  an  aggregation  of  the  remains  of  a peculiar  tvS  of 

01  m 01  spmdle-sbape)  has  been  given  (Fig.  331).  In  o-eneral  asnect 

Xlj  to°that  ™ 1 1 tl°at  its  relation! 

obleiT-er  BnFwETr>  questioned  by  the  superficial 

of  rT£<;ie  sKt  ir  rto  • ‘lammed,  it  is  foimd  to  consist 

of  S minut  V “‘“O'-,  “rtead 

1 ^ • y divided  into  chamberlets,  is  found  to  consist  of  n 

aal 

prolongations’  of  extensions,  which  correspond  to  the  ‘ alar 

which  Wead  of  spirally-growing  Foraminifera  (§  486),  but 
1 Wiapping  round  the  preceding  whorls  are  nro 

StiM  r ^ ‘^<>-  0^X1 

eloncrated^  wSh  • P.^'^^^ding,  so  that  the  shell  is 

elongated  with  eveiy  increase  in  its  diameter.  Thus  it  appears 

elation  I0  T^r’  ^ears  much  th^ame 

of  iSm ® “if  lamination  of  the  structure 

. Foi  although  the  Fusulma-limestone  of  Eussia  has 
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nndevgono  a degree  of  metamorphism,  which  so  far  obscures  the 
tubularity  of  its  component  shells,  as  to  prevent  him  from  conii- 
dently  affii'ining  it,  yet  the  api^earances  he  could  distinguish  were 

Fig.  331. 


Section  of  Fusulma-Jjimesitone. 


decidedly  in  its  favour.  And  having  since  received  specimens  from 
the  Upper  Coal  Measures  of  Iowa,  U.S.,  which  are  in  a much  more 
perfect  state  of  preservation,  he  is  able  to  state  with  certainty,  not 
only  that  Fusuliua  is  tubular,  but  that  its  tabulation  is  of  the 
large  coarse  nature  that  marks  its  affinity  rather  to  the  Rotalim 
than  to  the  Niummuline  series. — This  type  is  of  peculiar  interest,  as 
having  long  been  regarded  as  the  oldest  form  of  Foraminifera 
wliich  was  known  to  have  occurred  in  sufficient  abundance  to  form 
Rocks  by  the  aggregation  of  its  individuals.  It  will  be  presently 
shown,  however,  that  in  point  both  of  antiquity  and  of  importance, 
it  is  far  surpassed  by  another  (§  493). 

486.  Nmnniulinida. — All  the  most  elaborately  constinicted,  and 
the  greater  part  of  the  largest,  of  the  ‘ vitreous’  Foraminifera 
belong  to  the  group  of  wliich  the  well-known  Kummulitc  may  be 
taken  as  the  representative.  Various  plans  of  growth  prevail  in 
the  family ; but  its  distinguishing  characters  consist  in  the  com- 
pleteness of  the  wall  that  surrounds  each  segment  of  the  body  (the 
septa  being  double  instead  of  single  as  elsewhere),  the  density  and 
line  porosity  of  the  shell-substance,  and  the  presence  of  an  ‘ inter- 
mediate skeleton,’  with  a ‘ canal-system’  for  its  nutrition.  It  is 
true  that  these  characters  are  also  exhibited  in  the  highest  of  the 
Rotaline  series  (§  484),  whilst  they  are  deficient  in  the  genus 
ArnpMstegina,  which  connects  the  Nummuhne  series  with  the 
Rotaline ; but  the  occuiTence  of  such  modifications  in_  their 
border-forms  is  common  to  other  truly  Ratural  groups.  V'ith  the 
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cxccptiou  of  Amphistcgina,  all  the  genera  of  this  family  are  symme- 
trical in  fonn  ; tlie  spire  being  nantiloidin  such  as  follow  that  plan 
of  growth,  whilst  in  those  which  follow  the  cyclical  plan  there  is 
a constant  equality  on  the  two  sides  of  the  median  plane  : but  in 
I Arapliistegina  there  is  a reversion  to  the  rotalian  type  in  the  turbi- 
I noid  fonn  of  its  spire,  as  in  the  characters  already  specified,  althouo-h 
i its  general  conformity  to  the  ISTummuline  type  is  such  as  to  leave 
i no  reasonable^  doubt  as  to  its  title  to  be  placed  iu  this  family. 
Xotwithstanding  the  want  of  symmetry  of  its  spire,  it  accords  with 
OpercuUna  and  Nummid'nia  in  having  its  chambers  extended  by 
• alar  prolongations’  over  each  surface  of  the  previous  whorl ; but 
on  the  under  side  these  prolongations  are  almost  entirely  cut  off 
j from  the  principal  chambers,  and  are  so  displaced  as  apparently 
I to  alternate  with  them  in  position ; so  that  M.  D’Orbigny,  sup- 

j posing  them  to  constitute  a distinct  series  of  chambers,  described 

I its  plan  of  growth  as  a biserial  spiral,  and  made  this  the  character 
I of  a separate  Order.* 

! 487.  The  existing  Niimmulinida  are  almost  entirely  restricted  to 

tropical  climates  ; but  a beautiful  little  form,  the  Polystomella 
[ crispa  (Plate  xv.,  fig.  16),  the  rein-esentative  of  a genus  that 
[ presents  the  most  regular  and  complete  development  of  the  ‘ canal 
I system  anywhere  to  be  met  with,  is  common  on  our  own  coasts. 

j-liG  peculiar  surface-marking  sliown  in  tlie  figure  consists  in  a 
I strongly  marked  ridge-and-furrow  plication  of  the  shelly  wall  of 
! each  segment  along  its  posterior  margin  ; the  furrows  being  some- 
I times  so  deep  as  to  resemble  fissures  opening  into  the  cavity  of  the 
i chamber^  beneath.  _ hlo  such  openings,  however,  exist;  the  only 
! communication  which  the  sarcode-body  of  any  segment  has  with 
the  exterior,  being  either  through  the  fine  tubuli  of  its  shelly  walls, 
or  thiough  the  row  of  pores  that  are  seen  in  front  view  along  the 
inner  margin  of  the  septal  plane,  collectively  representing  a fissured 
aperture  divided  by  minute  bridges  of  shell.  The  meaning  of  the 
phcation  of  the  shelly  wall  comes  to  be  understood,  when  we  examine 
the  conformation  of  the  segments  of  the  sarcode-body,  which  may 
be  seen  in  the  common  Polystomella  crispa  by  dissolving  away  the 
shell  of  fresh  specimps  by  the  action  of  dilute  acid,  but  which 
may  be  better  studied  in  such  internal  casts  (Pig.  332)  of  the  sarcode- 
body  and  canal-system  of  the  large  P.  craticulata  of  the  Australian 
coast,  as  may  sometimes  be  obtained  by  the  same  means  from 
dead  shells  which  have  undergone  infiltration  with  ferruginous 
silicates.f  Here  we  see  that  the  segments  of  the  sarcode-body  are 

For  an  account  of  this  curious  modific.ation  of  the  Nummuline  plan  of 
^owth,  the  real  nature  of  which  was  first  elucidated  by  Messrs.  Parker  and 
Rupert  Jones,  see  the  Author’s"  Introduction  to  the  Study  of  the  Foraniiuifera’ 
(published  by  the  Ray  Society). 

f It  w.as  by  Prof.  Ehrenberg  that  the  existence  of  such  ‘ casts’  in  the  Green 
NSandsof  various  Geological  periods  (from  the  Silurian  to  the  Tertiary)  was 
first  pointed  out,  in  his  Memoir  ‘Uebcr.  der  Griinsand  und  seine  Einlauterung 
<Ics  organischen  Lebens,’ in Abhandlungcn  der  Kouigl.  Akad.  der  Wissen- 
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Rmooth  along  their  anterior  edge  h,  hut  that  along  their  poste- 
rior edge,  a,  they  are  prolonged  backwards  into  a set  of  ‘ retral 

Fio.  332. 


Internal  Cast  of  Pohjatomdla  craiiailala : — a,  retral  pro- 
cesses, proceeding  from  the  posterior  margin  of  one  of  the 
segments  ; b,  6',  smooth  anterior  margin  of  the  same  segment; 
e,  c>,  stolons  connecting  successive  segments,  and  xmiting 
themselves  xvith  the  diverging  branches  of  the  meridional 
canals  ; d,  d',  d^,  three  turns  of  one  of  the  spiral  canals ; e,  e\  d, 
three  of  the  meridional  canals ; f,  f\  their  diverging 
branches. 


processes and  these  processes  lie  under  the  ridges  of  the  shell, 
whilst  the  shelly  wall, dips  down  into  the  spaces  between  them,  so 
as  to  form  the  furrows  seen  on  the  surface.  The  connections  of 
the  segments  by  stolons,  c,  c',  passing  through  the  pores^  at  the 
inner  margin  of  each  septum,  are  also  admirably  displayed  in  such 
‘ casts.’  But  what  they  serve  most  beautifully  to  demonstrate  is 
the  canal- system,  of  which  the  distrilDution  is  here  most  remark- 
ably complete  and  symmetrical.  At  cl,  d\  cV,  are  seen  three  turns 
of  a spiral  canal  which  passes  along  one  end  of  all  the  segments 
of  the  like  number  of  convolutions,  whilst  a corresponding  canal  is 
found  on  the  side  which  in  the  figure  is  undermost ; these  two 
spirGS  cire  connGctcd  by  a set  of  meridional  canals,  e,  e , e , 'whicb. 
pass  down  between  the  two  layers  of  the  septa  that  diAude  the 
segments ; whilst  fi’om  each  of  these  there  passes-off  towards  the 


sdiaften  ” Berlin,  1855.  It  xvas  soon  afterAvards  shoAvn  by  tlie  late  Prof.  Bailey 
Quart.  Journ.  Microsc.  Sci.,”  Vol.  v.,  1857,  p.  83.)  that  the  like  mfiltratiou 
occasionally  takes  place  in  recent  Foraminifera,  enabling  similar  ‘ casts  to 
be  obtained  from  them  by  the  solution  of  their  shells  in  dilute  acid ; the  Author, 
as  well  as  Messrs.  Parker  aud  Rupert  Jones,  soon  aftenvards  obtained  most 
beautiful  and  complete  internal  casts  from  recent  Foraminifera  brought  from 
various  localities ; aud  a large  collection  of  green  sands  yielding  similar  casts 
was  made  in  the  ‘ Challenger.’ 
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surface  a set  of  pairs  of  diverging  brandies,/, /J,/2,which  onen 
upon  the  surface  along  the  two  sides  of  each  septal  band  the 
external  openings  of  those  on  its  anterior  margiii  Ling  in  the 
furrows  between  the  retral  processes  of  the  next  segment^  These 
canals  appear  to  be  occupied  in  the  living  state  by  prolono-ations 
of  the  saroode-body ; and  the  diverging  branches  of  those  of  each 
convolutpn  unite  themselves,  when  this  is  enclosed  by  another 
convolution,  with  the  stolon-processes  connecting  the  successive 

development  of  the  canal-system  has  refer- 
® amount  of  shell-substance  which  is  deposited 

skeleton’ upon  the  layer  that  forms  the  proper 

^Kth^“^  ^ ‘Pbss’  what 

ould  otherwise  be  the  depression  at  the  umbilicus  of  the  spire 

canairwl  tr"  traversed  by  a set  of  straight 

the  SteTLf « <:^i-ectly  from  the  spiral  canal  beneath,  towards 

the  exteinal  surface,  where  they  open  in  little  pits,  as  is  shown  in 

Tmi/^P  ’ *li  nmbilical  boss  in  P.  crispa,  however,  beino- 

“ PT"H®  '*  “ “ «b4ri„(a.-There  k 

STbk  f "P'?  Nonwnina  is  properly 

pfftomellf  ^ probably  .to  be  considered  as  a snb-genis  of 

Se?X  i P'"  'f  ■?  oonformatkn,  and 

ft?anerfJv»  t'  'ts  canal-system ; but  differing  in 

rental  nW  7pX  =**  eige  “‘'the 

StZ  X-  of  the  sarcode-body,  the  external  walls 

to  tt  fo™  “““rtitntes  a transition 

ate™nTXoScarn”“’“'’  MyatomeUa  is  a more 

at^he  characteristically  represented 

matelv  Mif^d  f n genus  Operculina  ; which  is  so  inti- 

is  not  ^ by  intermediate  forms,  that  it 

examnfp^L^  separate  the  two,  notwithstanding  that  their  typical 

STrFlZX  7 The  former  genus  (Plate  xvi.,  %.  2) 

bu^rf  SSnf feeble  foris  ; 

ItW^  t f «f  an  incln  The  shell  is  a 
increasp«»  in  a ^ i breadth  of  whose  earlier  convolutions 

(hi  Si  P^«pession,but  of  which  the  last  convolution 

Pene^SS  usually  flattens  itself  out  like  that  of 

' The  ex-^mnl  w P^  r very  much  broader  than  the  preceding. 

’ the  sent •!  nrp  ^ ® chambers,  arching  over  the  sjDaces  between 

■ of  each  cnn-o-nl^ i’  ^ these  are  bounded  at  the  outer  edge 
• cord  ’ Thla  ^ ^ band  a,  termed  the  ‘ marginal 

those  whif>P  rf  ’ being  perforated  by  minute  tubuli  like 

c£bpT  wS  surface  of  the 

bv  a Rv^J?  division  or  inosculation(Fig.336),is  traversed 

■::r08s  s^finn  <1+  comparatively  large  inosculating  passages  seen  in 
a , and  these  form  part  of  the  canal-system  to  be 
P p 2 
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]5rcsciitly  described.  The  principal  cavities  of  the  chanibers  arc  seen 
at  c,  c ; while  the  ‘ alar  prolongations’  of  those  ca\dties  over  the 
surface  of  the  preceding  whorl  are  shown  at  c , c . ihe  chambers 
are  separated  by  the  septa,  d,  d,  d,  formed  of  two  laminae  of  shell, 
one  belonging  to  each  chamber,  and  having  spaces  between  thenv 
in  which  lie  the  ‘ interseptal  canals,’  whose  general  distribution  la 
seen  in  the  septa  marked  e,  e,  and  whose  smaller  branches  are  seen 
irregularly  divided  in  the  septa  d',  d',  whilst  in  the  septum  cZ  one 
of  the  principal  trunks  is  laid  open  through  its  whole  len^h.  At 
the  approach  of  each  septum  to  the  mar^nal  cord  of  the  prece- 
ding, is  seen  the  narrow  fissure  which  constitutes  the  principal  aper- 
ture of  communication  between  the  chambers  ; in  most  (fi  the  septa, 
however,  there  are  also  some  isolated  pores  (to  which  the  fines 
point  that  radiate  from  e,  e)  varying  both  in  number  and  position. 
riie  interseptal  canals  of  each  septum  take  their  departure  at  its 
inner  extremity  from  a pair  of  spiral  canals,  of  which  one_  passes 
along  each  side  of  the  marginal  cord;  and  they  commixmcate  at 
their  outer  extremity  with  the  canal-system  of  the  ‘ marginal  cord, 
as  shown  in  Fig.  337.  The  external  walls  of  the  chambers  are 
composed  of  the  same  finely-tnbnlar  sheU-snbstance  that  forms 
them  in  the  mimrnulite;  but,  as  in  that  genus,  not  only  are  the 
septa  themselves  composed  of  vitreous  non-tubnlar  substance,  but 
that  which  lies  over  them,  continuing  them  to  the  surface  of  the 
shell,  has  the  same  character ; showing  itself  externaUy  m the  lomi 
sometimes  of  continuous  ridges,  sometimes  of  tows  of  tubercles, 
which  mark  the  position  of  the  septa  beneath.  These  non-tubular 
plates  or  columns  are  often  traversed  by  branches  of  the  canal- 
system,  as  seen  at  q,  q.  Similar  columns  of  non-tubular  substance, 
of  which  the  summits  show  themselves  as  tubercles  on  the  sur- 
face, are  not  nnfreqnently  seen  between  the  septal  bands,  ^vmg  a 
variation  to  the  surface-marking,  which,  taken  in  con]unction 
with  variations  in  general  conformation,  might  be  fairly  field 
sufficient  to  characterize  distinct  species,  were  it  not  that  on  a com- 
parison of  a great  number  of  specimens,  these  variations  are  found 
to  be  so  gradational,  that  no  distinct  line  of  demarcation  can  be 
drawn  between  the  individuals  which  present  them. 

489.  The  Genus  Numnmlina,  of  which  the  fossil  forms  aie  com- 
monly known  as  Ntmimdites,  though  represented  at  the  present 
time  by  small  and  comparatively  ^frequent 

merly  developed  to  a vast  extent;  the  Nummulitic  Limestone 
chiefly  made-up  by  the  aggregation  of  its  remains  j 

which  the  Pyramids  are  built)  forming  a band,  often  1,800  miles  m 
breadth,  and  frequently  of  enOTuious  tluckmess, 
from  the  Atlantic  shores  of  Europe  and  ^luca,  thiough  Western 
Asia  to  bTorthem  India  and  China,  and  likewise  ovei  vast  aieas 
Noith  Am^^^  (Fig.  333).  The  diameter  of  a large  proportion  o 

fossil  Nummulites  ranges  between  half  '""^Ylfitrora^iuch^ 

there  are  some  whose  diameter  does  not  exceed 

whilst  others  attain  the  gigantic  diameter  of  4 2 inches. 
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PLATE  XVI. 


Fig.  1. 


Various  I^oems  of  Foraminifeea. 


Fig.  2. 


Fig.  3 
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typical  form  is  that  of  a double-convex  lens ; but  soinetiines  it 
much  more  nearly  approaches  the  globular  shape,  whilst  in  other 
■cases  it  is  very  much  flattened ; and  great  differences,  exist  in  this 


Fig.  333. 

A 


A,  piece  of  N'ummuliiic  Limestone  from  P3'renees.  showiu"' 
Xummiilites_  laid  open  by  fracture  through  median  plane ; u 
vertical  section  of  Nummulite ; C,  Orhitoides. 


'.  respect  among  individuals  of  what  must  be  accounted  one  and  the 
>same  species.  Although  there  are  some  ISTummulites  which  closely 
^approximate  OpercuUnce  in  their  mode  of  growth,  yet  the  typical 
• forms  of  this  genus  present  certain  well-marked  distinctive  pecu- 
liiarities.  Each  ^ convolution  is  so  completely  invested  by  that 
'which  succeeds  it,  and  the  external  wall  or  spiral  lamina  of  the 
new  convolution  is  so  completely  separated  from  that  of  the  con- 
'volution  it  encloses  by  the  ‘ alar  jorolongations  ’ of  its  own  chambers 
,;.the  peculiar  arrangement  of  which  will  be  presently  described), 
Aat  the  spire  is  scarcely  if  at  all  visible  on  the  external  surface.’ 
•-t  IS  brought  into  view,  however,  by  splitting  the  IsTummulite 
t'.hrough  the  median  plane,  which  may  often  be  accomplished 
; ;imply  by  striking  it  on  one  edge  with  a hammer,  the  opposite 
'■dge  bemg  placed  on  a firm  support;  or,  if  this  method  should  not 
succeed,  by  heating  it  in  the  flame  of  a spirit-lamp,'  and  then 
ihro-wing  it  into  cold  water  or  striking  it  edgeways.  Nummulites 
i-.STiaUy  show  many  more  turns,  and  a more  gradual  rate  of  increase 
! u the  breadth  of  the  spire,  than  Foraminifera  generally ; this  will 
‘^e  apparent  from  an  examination  of  the  vertical  section  shown  in 
taken  from  one  of  the  commonest  and  most 
. haracteristic  fossil  examples  of  the  genus,  and  which  shows 
! o fewer  than  ten  convolutions  in  a fragment  that  does  not 
i narly  extend  to  the  centre  of  the  spire.  This  section  also  shows 
I complete  enclosure  of  the  older  convolutions  by  the  newer, 
nd  the  interposition  of  the  alar  prolongations  of  'the  chambers 
-etween  the  successive  layers  of  the  spiral  lamina.  These  pro- 
ongations  are  variously  arranged  in  different  examples  of  the 
t-enus  : thus  in  some,  as  N.  clistans,  they  keep  their  own  separate 
Durse,  all  tending  radially  towards  the  centre ; in  others,  as 
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N.  kevi(jata,  their  partitions  inosculate  with  each  other,  so  as  to 
divide  the  spjice  intervening  between  each  layer  and  the  next  into 
an  irregular  network,  joresenting  in  vertical  section  the  appearance 
shown  in  Fig.  334 ; wliilst  in  N.  rjara'itsensls  they  are  broken  up 


Vertical  Section  of  portion  of  N'timiniiUna  Icevii/ata : — a, 
margin  of  external  whorl ; b,  one  of  the  outer  row  of  chambers ; 
c,  c,  whorl  invested  by  a ; d,  one  of  the  chambers  of  the  fourth 
whorl  from  the  margin ; e,  e',  marginal  portions  of  the  enclosed 
whorls  : /,  investing  portions  of  outer  whorl ; g,  g,  spaces  left 
between  the  investing  portion  of  successive  whorls ; h,  h, 
sections  of  the  partitions  dividing  these. 

into  a number  of  chamberlets,  having  little  or  no  direct  communi- 
cation -with  each  other. 

490.  Notwithstanding  that  the  inner  chambers  are  thus  so  deeply 


Fig.  335. 


Portion  of  a thin  Section  of  XummnUna  Itcvigata,  taken  in 
the  direction  of  the  preceding,  highly  magnified  to  show  the 
minute  structure  of  the  shell : — a,  a,  portions  of  the  ordinary 
shell-substance  traversed  by  parallel  tubuli;  b,  b,  portions 
forming  the  marginal  cord,  traversed  by  diverging  and  larger 
tubuli ; c,  one  of  the  chambers  laid  open ; d,  d,  d,  pillars  of 
solid  substance  not  perforated  by  tubuli. 

buried  in  the  mass  of  investing  whorls,  yet  there  is  evidence  that 
the  segments  of  sarcode  which  they  contained  were  not  cut  on 
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from  communication  with  the  exterior,  but  that  they  may  hare 
retained  their  yjtality  to  the  last.  The  shell  itself  is  almost  every- 
wliere  minutely  porous,  being  penetrated  by  parallel  tubuli  which 
pass  directly  from  one  surface  to  the  other.  These  tubes  are 
shown,  as  divided  lengthways  by  a yertical  section,  in  Fio-.  335 
n,  a;  whilst  the  appearance  they  present  when  cut  across  in  a 
horizontal  section  is  shown  in  Fig.  336,  the  transparent  shell- 
substance  a,  a,  rt,  being  closely  dotted  with  minute  puncta- 
tions  which  mark  their  orifices.  In  that  portion  of  the  shell, 
however,  which  forms  the 

margin  of  each  whorl  Fir.  336. 

(Fig.  335,  b,  b),  the  tubes 
are  larger,  and  diverge 
from  each  other  at  greater 
intervals ; and  it  is  shown 
by  horizontal  sections 
that  they  communicate 
freely  with  each  other 
laterally,  so  as  to  form  a 
network  such  as  is  seen 
at  5,  b,  Fig.  337.  At  cer- 
tain other  points,  d,  d,  d 

(Fig,  335),  the  shell-sub-  p ^ r rr  • . , o 

stance  is  not  perforated  i ^ Horizontal  Section  of  Nummidite, 

1 i showing  the  structure  of  the  walls  and  of  tlie 

dpp„p^-p  chambers a,  a,  portion  of  the 

aense  in  its  textuie,  form-  wall  covering  three  chambers,  the  punctations 
ing  solid  pillars  which  of  which  are  the  orifices  of  tubuli ; b,  b,  septa 
seem  to  strengthen  the  tPese  chambers,  containing  canals 

other  parts.;  and  in  bTum-  ^ ^ lateral  branches,  c,  c,  entering 

mulites  whose  siu-faces  orifices,  one  of  whm^ 

have  been  much  exposed 

to_  attrition,  it  commonly  happens  that  the  pillars  of  the  super- 
ficml  layer,  being  harder  than  the  ordinary  shell-substance,  and 
bemg  consequently  less  worn  down,  are  left  as  prominences, 
the  presence  of  which  has  often  been  accounted  (but  erroneously) 
a.s  a specific  character.  The  successive  chambers  of  the  same 
whorl  communicate  with  each  other  by  a passage  left  between  the 
inner  edge  of  the  partition  that  separates  them,  and  the  ‘ marginal 
cord  of  the  preceding  whorl ; this  passage  is  sometimes  a single 
large  broad  aperture,  but  is  more  commonly  formed  by  the  more 
or  less  complete  coalescence  of  several  separate  perforations,  as  is 
seen  in  Fig.  334,  b.  There  is  also,  as  in  Operculina,  a variable 
uumber  of  isolated  pores  in  most  of  the  septa,  forming  a secondary 
means  of  communication  between  the  chambers.- — ^The  Canal- 
system  of  Ntimmulina  seems  to  be  distributed  ujion  essentially  the 
.same  plan  as  in  Operculina;  its  passages,  however,  are  usually 
more  or  less  obscured  by  fossilizing  material.  A careful  examina- 
tion.will  generally  disclose  traces  of  them  in  the  middle  of  the 
partitions  that  divide  the  chambers  (Fig.  336,  b,  b),  while  from 
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tliese  may  Lc  seen  to  proceed  the  lateral  hraiiches  (c,  c),  which, 
after  burrowing  (so  to  speak)  in  the  walls  of  the  chambers,  enter 

them  by  large  orifices  {d).  These 
Fio.  337.  ‘ iuterseptal  ’ canals,  and  their 

communication  with  the  inos- 
culating system  of  passages 
excavated  in  the  marginal  cord, 
are  extremel)'’  w'cll  seen  in  the 
‘ internal  cast  ’ represented  in 
Fig.  1337. 

491.  A very  interesting  modi- 
fication of  the  Nummuline  type 
is  presented  in  the  genus  Heie- 
rodogina  (Fig.  338),  which  bears 
a very  strong  resemblance  to 
OrJnmlma  in  its  plan  of  growth, 
whilst  in  every  other  respect  it 
is  essentially  different.  If  the 
principal  chambers  of  an  Oper- 
cullna  were  divided  into  cham- 
berlets  by  secondary  j^artitions 
in  a direction  transverse  to  that 
of  the  principal  septa,  it  would 
be  converted  into  a Hetero- 
steginci;  just  as  a Peneroidh 
, would  be  converted  by  the  like 
subdivision  into  an  OrhicuUna 
(§  464).  Moreover,  we  see  in  Heterostegina,  as  in  Orbiculina,  a 
great  tendency  to  the  ojDening-out  of  the  spire  with  the  advance 

of  age ; so  that  the  aper- 
338.  tural  margin  extends  round 

a large  part  of  the  shell, 
which  thus  tends  to  become 
discoidal.  And  it  is  not  a 
little  curious  that  we  have 
in  this  series  another  fonn, 
Gycloclypeus,  which  bears 
exactly  the  same  relation 
to  Heterostegina,  that  Or- 
bitolites  does  to  Orbiculina; 
in  being  constructed  upon 
the  cyclical  i^lan  from  the 
commencement,  its  cham- 
berlets  being  aiTanged  in 
rings  around  a central 
chamber  (Plate  xvi.,  fig.  1). 
This  remarkable  genus,  at 
present  only  known  by 
J Jeter  asterjinn.  specimens  dredged  up 


Tuternal  cast  of  two  of  tlio  cliam- 
bors,  «,  «,  of  Niunmidina  striata,  with 
the  network  of  Canals,  b,  b,  in  tlje 
marginal  cord,  coinraunicatiug  with 
•■anals  passing  between  the  cham- 
bers. 
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from  considerable  depths  off  the  coast  nf  • at,  i 

of  existing  Foramin/fera;  son.fsp  c^ 

Brif  sh  Museum  having  a diamite”  of  2i  inohesl  “ 


Fig. 339. 


standing  the  <iifterenc7°of  “it^  Not^yith- 

accords  with  the  Nummuliue  type  in  evei  v Vl.J  f 
essentially  distinguishes  the  genus,  that  there  cLM^be  a doubt's 
the  intimacy  ot  their  relationship.  It  will  be  seen  ■ 

nation  ot  that  portion  of  the  figure  which  shows  funl  7 
vertical  section^  that  the  solid  lasers  of  Sell 
bered  portion  is  enclosed  are  so  much  thicker,  and  consist  of 
so  many  more  lamellm,  in  the  central  portion  of  the  disk  S +1.. 
do  nearer  Its  edge,  that  ne>v  lamellae  Inust  L pSSesriSfv  aSeS 
to  the  suifaces  of  the  disk,  concurrently  with  the  additinn  nf 
rmgsof  chamberlets  to  its  margin,  /hese  laSellS  wS>-  ™ 
closely  applied  one  to  the  other,  without  any  interveninrS’eJ 
and  they  a,re  all  traversed  by  columns  of  non-tubular  substance’ 
which  spring  from  the  septal  bands,  and  gradually  increase  in 
iT-  ft,  the  surface,  from  which  they  pro 

^ 49?  the  disk  as  glistening  tubercles.^  ^ 

South.  Jest  rf 

eastern  India,  Ac.)  contains 
a vast  abundance  of  discoidal 
bodies  teiined  OrUtoides  (Mg. 

433,  c),  which  are  so  similar  to 
^ummuhtes  as  to  have  been* 
taken  for  them,  but  which  bear 
a,^  much  closer  resemblance  to 
Cycloclypeus.  These  are  only 
known  in  the  fossil  state  ; and 
their  structure  can  only  be  as- 
certained by  the  examination  of 
sections  thin  enough  to  be 
translucent.  When  one  of  these 
disks  (which  vary  in  size,  in 
different  species,  from  that  of  a 
fourpenny.piece  to  that  of  half- 
a-crown)  is  rubbed-down  so  as 
to  display  its  internal  organiza- 
tion, two  different  kinds  of 
structure  are  usually  seen  in  it : 
one  being  comjiosed  of  cham- 
berlets of  very  definite  form, 
quadrangular  in  some  species, 
circular  in  others,  arranged 
with  a general  but  not  constant 
re^^ilarity  in  concentric  circles 
(Figs.  339,  340,  b,  b) ; the  other. 


Suction  of  Orhltoides  FortisH,  parallel 
to  the  surface  ; traversing  at  a,  a,  the 
superficial  layer,  and  at  &,  b,  the  median 
layer. 


Igs.  ooy,  c!4U,  b,  b) ; the  other,  ■' 
less  trans]iarent,  being  formed  of  minuter  chamberlets  which  have  no 
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such  constancy  of  form,  but  which  might  almost  be  taken  for  the 
pieces  of  a dissected  map  (o,  a).  In  the  upper  and  lower  walls  of  these 


a Fig.  OtO.  h 


Portions  of  the  Section  of  Orhitokles  Fortisn  shown  in  Fig.  330,  more 
highly  magnified ; — «,  supeidicial  layer ; b,  median  layer. 

last,  minute  punctuations  may  be  observed,  which  seem  to  bo  the 
orifices  of  connecting  tubes  whereby  they  are  perforated.  The 
relations  of  these  two  kinds  of  structure  to  each  other  are  made 
evident  by  the  examination  of  a vertical  section  (Fig.  341) : which 


Fig.  341. 


Vertical  Section  of  Orbitoides*Fortisii,  showing  the_  large 
central  chamber  at  «,  and  the  median  layer  suiTOunding  it, 
covered  above  and  below  by  the  superficial  layers. 


Fig.  342. 


shows  that  the  portion  h,  Figs.  339,  340,  forms  the  median  plane, 
its  concentric  circles  of  chamberlets  being  arranged  round  a large 

central  chamber,  as  in  Gyclocly- 
peus ; whilst  the  chamberlets  of 
the  portion  a are  iiTegularly  super- 
posed one  upon  the  other,^  so  as 
to  form  several  layers  which  are 
most  numerous  towards  the  centre 
of  the  disk,  and  thin-away  gradu- 
ally towards  its  margin.  The  dis- 
position and  connections  of  the 
chamberlets  of  the  median  layer 
in  Orhitoides  seem  to  correspond 
very  closely  with  those  which  have 
been  already  described  as  prevail- 
ing in  CycloclypfGUS ; the  most  sa- 
tisfactory indications  to  this  effect 
being  furnished  by  the  siliceous 
‘ internal  casts’  to  be  met  with  in 
certain  Green  Sands,  which  afford 


laterual  Cast  of  portion  of  me- 
dian plane  of  Orhitoides  Fortisii^ 
showing  at  o et;  ft’  ft’,  ft”  «”,  six 
chambers  of  each  of  three  zones, 
with  their  mutual  communica- 
tions ; and  at  b b,  b'  b',  b"  b",  por- 
tions of  three  annular  canals. 
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sarcode-bodj  of  tlie  animal.  In  sucli  a fragment 
(xig^.  34’_i)  we  recognize  the  chamberlets  of  three  successive  zones, 
a,  a , a , each  of  which  seems  normally  to  communicate  by  one  or 
two  passages  with  the  chamberlets  of  the  zone  internal  aiid  exter- 
nal to  its  own ; whilst  between  the  chamberlets  of  the  same  zone 
there  seems  to  be  no  direct  connection.  They  are  brought  into  re- 
lation, however,  by  means  of  annular  canals,  which  seem  to  repre- 
sent the  spiral  canals  of  the  Nnmmiilite,  and  of  which  the  ‘ internal 
casts  are  seen  at  h h,  h'  h',  h''  h". 

493  A most  remarkable  Fossil,  referable  to  the  Foraminiferal 
type,  has  been  recently  discovered  in  strata  much  older  than  the 
very  earliest  that  were  previously  known  to  contain  Organic 
remains ; and  the  determination  of  its  real  character  may  be 
regarded  as  one  of  the  most  interesting  results  of  Microscojiic 

Fig.  343. 


Vertical  Section  of  ^zodn  Cnnademe,  showing  alternation  of  Calcai’cous 
(light)  and  Serpentinous  (dark)  lamellip. 


research. 
dense  (Fig, 


received  the  name  Eozoim  Cana- 
. 343),  IS  found  in  beds  of  Serpentine  Limestone  that 
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'imVHnSn^  lulAiropo  m the  ‘ lundaiiuMital  Knu-iHs’  ot  |{olK-mia 

an  ScotZ/  stnitiHad  rocks  of  Soaiuliuavia 

im  ^oot  autl.  .1  lieso,  boils  arc  touiul  m many  i)arts  to  contain 

liroTo/aftni  “'’'f  "“"''"y  ““''-•‘“■■n.iillte  ron„, 

of  alicinr  ^ ‘*i  aji  ancient  Coral  iicof,  and  cousistin- 

ot  altciuating  layers— Ircqu  nnmberinjr  from  5U  to  lUO— of 

•■aibouato  of  Lime  and  Scriamtino  (silicate  of  nnmnesia).  The 

So^  that  it  presents  itself 

also  between  other  Calcareous  and  Siliceous  miuerals,  haviuir  leil 

tiAn  ^ Or>,muic  structure,  thiirsec- 

Bpeciuieus  were  sulnuitted  to  microscoiiic 
auuuatiou  by  J)r.  llawsou  of  Mou  who  at  ouce  reco<niized 
b oramimteral  nature  :f  the  cn/enreoms-  layers  preseutiuii  the 
characteristic  appearances  of  true  s/ic//.  so  disposed  as  to  form  an 
iiiegularly  chambered  structure,  and  freipieutly  traverse  d by 
mmitymg  canals  corresponding  to  those  of  Calcanua 
tS  -ioi  j ; Avliilst  the  sprpoiitninitK  or  other  siliceous  layers  wert* 
regarded  by  Iniii  as  liaviiig  been  formed  by  the  infiltration  of  sili- 
cates in  solution  into  the  cavities  originally  occupied  by  the  sarcodc- 
)oay  of  the  animal,  a process  of  whose  occurrence  at  various  Geo- 
ogic  iieiiods,  and  also  at  the  present  time  abundant  evidence  has 
already  been  adduced.  Having  himself  taken  up  the  investigation 
(at  the  instance  of  Sir 'William  Logan),  the  Author  was  not  only 
able  to  conhrm  Hr.  Dawson’s  conclusions,  but  to  adduce  new  and 
aiuportant  evidence  in  support  of  them.+  Although  this  determina- 
tion iias  been  called  in  question,  on  the  ground  that  some  resem- 
blance to  the  supposed  organic  structure  "of  Eozodn  is  presented  bv 
bodies  of  purely  ilfineral  origin, § yet,  as  it  has  been  accepted  not 
only  by  niost  of  those  whose  knowledge  of  Foraniiniferal  structure 
gives  weight  to  their  judgment,  (aiuoiig  whom  the  late  Prof,  idax 
bchiilze  may  be  speciall}^  named),  but  also  by  Geologists  who  have 


. . Lnio'eiitiau^  was  first  idoutiiieil  as  a regular  series  of  stm- 

tiliou  rocks,  muiorlyiug  tlie  equivalents  not  merelv  of  the  Silurlau,  but  also  of 
the  Upper  and  Lower  Cambrian  systems  of  this  country,  bv  Sir  M’illiam  Logan, 
the  foruier  able  Director  of  the  Geological  Survey  of  Canada. 

t ibis  recognition  was  due,  as  Dr.  Dawson  has  explicitly  stated  in  his 
oiigiual  jMcmoir  (“Quarterly  Journal  of  the  Geological  Society,”  Vol.  xxi.. 
p.  54),  to  his  acquaiutanco  not  merely  with  the  Aulhor's  previous  researches 
on  the  minute  structure  of  the  J'oraminlfbra,  but  with  the  special  characters 
presented  by  thin  sections  of  Catcariiia  which  had  been  tnuismitted  to  him  bv 
the  Author.  Dr.  D.  has  given  an  excellent  account  of  the  Geological  and 
!^[ineralogical  relations  of  KikoSh,  as  well  of  its  Orgjinic  structure,  in  a sm.ill 
book  entitled  “The  Dawn  of  Life.” 

i For  a fuller  account  of  the  results  of  I ho  Author's  own  Study  of  A'<coc!h, 
and  of  tho  basis  on  which  the  above  reconstruction  is  founded,  see*  his  rapei-s, 
in  “Quart.  Journ.  of  Geol.  Soc„”  ^ ol.  xxi.,  p.  oh,  and  Vol.  xxii.,  p.  ‘210,  aud  in 
tho  “Intellectual  Observer,”  A'ol.  vii.  (18(i5),  p.  ‘27S;  aud  his  -Further  He- 
searclies,’  in  “Ann.  of  Nat.  Hist.,”  June,  IST-t. 

§ See  tho  Memoirs  of  Prof.s.  King  and  Rownev,  in  “(Juart,  Joui-u.  of  Ge<'>l. 
Soe.,”  Vol.  xxii.,  p.  185 ; and  “ Ann.  of  Nat.  Hist.,’’  May,  1874. 
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SlEUCirBE  OF  Eozooit  Canadeitse. 
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si^ccially  studied  the  Micro-mineralogical  structure  of  the  older 
Metamorphic  rocks  * the  Airthor  feels  justified  in  here  describinc^ 
hozoon  as  he  believes  it  to  have  existed  when  it  originally  extended 
itself  as  an  animal  growth  over  vast  areas  of  the  sea-bottom  in  the 
Laurentian  ejioch. 

494.  Whilst  essentially  belonging  to  the  mrn.midinc  groun  in 
virtue  of  the  fine  tubulation  of  the  shelly  layers  forming  ’the 
‘ proper  wall’  of  its  chambers,  Eozoon  is  related  to  various  types  of 
recent  Foraminifera  in  its  other  characters.  For  in  its  indeter- 
niinate  zoophytic  mode  of  growth,  it  agrees  with  Pulyirema  (S  483)  • 
in  the  incomifieto  separation  of  its  chambers,  it  has  its  parallel  in 
Garpenteria  (§  481) ; whilst  in  the  high  development  of  its  ‘ inter- 
mediate skeleton;  and  of  the  ‘ canal-system’  by  which  this  is  formed 

nearest  representative  in  Galcarina 

4«4).  its  calcareous  layers  were  so  superposed,  one  upon  another 
as  to  include  between  them  a succession  of  ‘ storeys’  of  chambers 
(Plate  XA II.,  fig,  1,  A^,  A^,  A-,  A") ; the  chambers  of  each  ‘ storev’ 
usually  openino;  one  into  another,  as  at  a,  a,  like  apartment 
en  sade  • but  being  occasionally  divided  by  complete  septa,  as  at 
b,  0.  ihese  septa  are  traversed  by  passages  of  communication 
between  the  chambers  which  they  separate ; resembling  those  which 
in  existmg  types,  are  occupied  by  stolons  connecting  together  the 
segments  of  the  sarcode-body.  Each  layer  of  shell  consists  of  two 
finely-tubulated  or  ‘ nummuline’  lamellae,  b,  b,  wliich  form  the 
boundaries  of  the  chambers  beneath  and  above,  serving  (so  to  speak) 
as  the  ceilmg  of  the  former,  and  as  the  floor  of  the  latter;  and  of 
an  intervening  deposit  of  homogeneous  shell-substance  c,  ’c  which 
constitutes  the  ‘ intermediate  skeleton.’  The  tiibuli  of  this  ‘ num- 
muhne  layer  (Fig.  344)  are  usually  fillcd-up  (as  in  the  hfiimmiilites 
of  the  nummulitic  limestone’)  by  mineral  infiltration,  so  as  in 
transparent  sections  to  present  a fibrous  appearance  ; but  it  fortu- 
that  through  their  having  in' some  cases  escaped 
infiltration,  the  tubulation  is  as  distinct  as  it  is  even  in  recent 
luimmuline  shells  (Fig.  344),  bearing  a singular  resemblance  in  its 
occasional  waviness  to  that  of  the  Crab’s  claw  (§  613).  The  thick- 
ness  of  this  interposed  layer  varies  considerably  in  different  parts 
ot  the  same  mass;  being  in  general  greatest  near  its  base,  and 
progressively  diminishing  towards  its  upper  surface.  The  ‘ inter- 
mediate skeleton’  is  occasionally  traversed  by  large  passages  (n), 
which  seem  to  establish  a connection  between  the  successive  layers 

♦ Among  these  the  Author  is  permitted  to  mention  Prof.Geikie,  of  Edinburgh 
studied  the  older  rocks  of  Scotland,  and  Prof.  Bonney,  of  Cam- 

Cornish  and  other  Ser- 

pentmes.  By  both  tliese  eminent  authonties  he  is  assured  that  they  have  met 
with  no  purely  Mineral  structure  in  tlie  least  resembling  J^ozom,  either  in  its 
regular  alternation  of  C.alcareons  and  Serpentinous  lamellae, 'or  in  the  dendritic 
° the  latter  into  the  former;  and  while  they  accept  as  entirely  satis- 
t cloctrme  at  its  Organic  origin  maintained  by  the  Author,  they  find 

t re  ^ conceive  of  any  Inorganic  agency  by  which  such  a struc- 
ture could  have  been  produced.  O ^ 
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of  cliambevs ; and  it  is  penetrated  by  arborescent  systems  of  canals 
(e,  e),  which  arc  often  distributed  botlr  so  extensively  and  so 


Fio.  3-U. 


Vertical  Section  of  a portion  of  one  of  tlie  Calcareous 
lamelliE  of  Eozoiin  Canadeuse : — a a.  Nunimuline  layer,  per- 
forated by  parallel  tubiili,  wliich  show  a flexure  along  tbe 
line  «'  ft';  beneath  this  is  seen  the  intermediate  skeleton,  c,  o, 
traversed  by  the  large  canals,  6,  and  by  oblique  cleavage 
planes,  which  extend  also  into  the  nummuliue  laj'er. 

minutely  through  its  substance,  as  to  leave  very  little  of  it  without 
a branch.  These  canals  take  their  origin,  not  directly  from  the 
chambers,  but  from  ix'regular  lacunce  or  interspaces  between  the 
outside  of  the  proper  chamber-walls  and  the  ‘ intermediate  skeleton,’ 
exactly  as  in  Calmrina  (§  484) ; the  extensions  of  the  sarcode 
body  which  occuixied  them  having  apparently  been  formed  by  the 
coalescence  of  the  pseudopodial  filaments  that  passed  through  the 
tubulated  lamellae. 

495.  In  the  fossilized  condition  in  which  Eozobn  is  most  com- 
monly found,  not  only  the  cavities  of  the  chambers,  but  the  canal- 
systems  to  their  smallest  ramifications,  are  filled-up  by  the  sihceous 
infiltration  which  has  taken  the  place  of  the  original  sarcode-body, 
as  in  the  cases  already  cited  487  note)  ; and  thus  when  a piece 
of  this  fossil  is  subjected  to  the  action  of  dilute  acid,  by  which  its 
calcareous  portion  is  dissolved-away,  we  obtain  an  internal  cast  of 
its  chambers  and  canal-system  (Plate  xvii.,  fig.  2),  which,  though 
altoo’ether  dissimilar  in  arrangement,  is  essentially  _ analogous  in 
character  to  the  ‘ internal  casts’  represented  in  Figs.  328,^  332. 
This  cast  presents  us,  therefore,  with  a model  iu  hard  Serpentine  of 
the  soft  sa,rcode-body  which  originally  occupied  the  chambers,  and 
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cxt6nd.G(i  itself  into  the  rcimifviiiD'  emn1<j  nf  +Vi^  i 
and.  like  that  of 

tactorj  elucidation  ot  the  relations  of  these  parts  IhsT.  1 

have  gamed  from  the  studj  of  the  living  orgS™  We  eee^tt^^ 
each  ot  the  layers  of  seipentine,  forming  the  lower  pa^  n/  ^ 
epeeimemre  made  np  of  a number  of^oW  eeg^t 
have  only  undergone  a partial  separation;  these  appesr  +n  ^ 
extended  themeelves  horizontally  iithout  any  definite  “ndt - bnt 
have  here  and  there  developed  new  segments  in  a vertical  direction 
so  as  to  give  ongin  to  new  layers.  In  the  spaces  between  these 
successive  layers  which  were  originally  occupied  by  the  callreous 
shell  we  see  the  ‘internal  casts’  of  the  branching  canaWem 
which  pve  ns  the  exact  models  of  the  extensions  of  the  SreX- 
body  that  originally  passed  into  them.— But  this  is  not  aU  In 

Sl™ofrV“  •“7“  constituting  the  “proper 

tTe  decfl  'veU  preserved?  and  in  whfch 

the  decalcifying  process  has  been  carefully  manao-ed  (so  as  not  bv 

too  rapid  an  evolution  of  carbonic  acid  gas,  to  disturb  the  arrancre^ 
ment  of  the  serpentinous  residuum),  that  layer  is  represeS  W 
a thin  wlute  ^m  covering  the  exposed  surfaces  of  the  segments^ 

st™  in  fin  2“Tnd  ite  sectional  v?ew,  ™ 

s own  in  tig.  A And  when  this  layer  is  examined  with  a snffi 

u^5n  ^3Jing  power,  it  is  found  to  consist  of  extremely  minute* 
needle-hke  fibres  of  Serpentine,  which  sometimes  srnZuSt 
parallel,  and  almost  in  contact^  with  each  other,  like  the  fibres  of 
asbestos  (so  that  the  film  which  thev  form  ha«j  ]->Aon 
: asbestiform  layer’)  but  which  are  frequently  groujS  inTonverg® 
mg  brush-hke  bundles,  so  as  to  be  verv  close  to  an 
certain  s^ts  at  the  surface  of  the  film,  whilst  widely  separated^  in 
others.  Now  these  fibres,  which  are  less  than  l-10,000th  of  an 
mch  in  diameter,  are  the  ‘internal  casts’  of  the  tubuli  of  tbo 
^ummuhne  ayer  (a  precise  parallel  to  them  being  prelnted^^^ 
the  ‘internal  cast’  of  a recent  Amphistegina  in^the  Tu^ 
possession) , apd  their  arrangement  presents  all  tbp  xra  ' +• 
winch  have  been  mentioned  ?§  488)  a^  Sing  in  fhe  SuS 
Ope?  cttZma— Thus  these  delicate  and  beautiful  siliceous  fibres 
represent  those  pseudopodial  threads  of  sarcode,  wS  orfgiSlv 
traversed  the  minutely-tubular  walls  of  the  chambers 
precise  model  of  the  most  ancient  animal  of  which  we  have  anv 
knowledge,  notwithstanding  the  extreme  softness  anTteSv  of 
its  substance,  is  thus  presented  to  us,  with  a completeness  th^  is 
scarcely  even  approached  in  any  later  fossil.  that  is 

Pll  in 

" n T ij  observed  that  the  segments  avp 

confusedly  heaprf  together,  Instead  of  being  regnlarly  afna™  ed  n 

S Ttollr -b"'  i^^ng  Wp“^T“tftS 

minifern  •’  sn  ' " means  uncommon  among  Fora- 

fremcntl’v  Zt  3“.'"  ‘in*  chamber!  being 

ireqncntly  met-with  m the  later  growth  of  types,  whose  earlie? 
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increase  takes  place  upon  some  much  more  definite  plan.  After 
what  fashion  the  earliest  development  of  ItJozodn  took  place,  we 
have  at  present  no  knowledge  whatever  ; but  in  a young  siiecimen 
which  has  been  recently  discovered,  it  is  obvious  that  each  successive 
‘ storey’  of  chambers  was  limited  by  the  closing-in  of  the  shelly 
layer  at  its  edges,  so  as  to  give  to  the  entire  fabric  a definite  form 
closely  resembling  that  of  a straightened  Peneroylls  (Plate  xv., 
fig.  5).  Thus  it  is  obvious  that  the  chief  peculiarity  of  Uozoon  lay 
in  its  capacity  for  indefinite  extension ; so  that  the  product  of  "a 
single  germ  might  attain  a size  comparable  to  that  of  a massivf* 
poral. — Now  this,  it  will  be  observed,  is  simifiy  due  to  the  fact  that 
its  increase  by  gemmation  takes  place  continuously ; the  new 
segments  successively  budded-off  remaining  in  connection  with 
the  original  stock,  instead  of  detaching  themselves  from  it  as  iu 
Foraminifera  generally.  Thus  the  little  Glohigerina  forms  a shell 
of  which  the  number  of  chambers  does  not  usually  seem  to  increase 
beyond  sixteen,  any  additional  segments  detaching  themselves  so  as 
to  form  separate  shells  ; but  by  the  repetition  of  this  multiplication, 
the  sea-bottom  of  large  areas  of  the  Atlantic  Ocean  at  the  present 
time  has  come  to  be  covered  with  accumulations  of  Glohig&i-inue, 
which,  if  fossilized,  would  form  beds  of  Limestone  not  less  massive 
than  those  which  have  had  their  origin  in  the  growth  of  Eozodn. — 
The  difference  between  the  two  modes  of  increase  may  be  compared 
to  the  difference  between  a Plant  and  a Tree.  For  in  the  Plant 
the  individual  organism  never  attains  any  considerable  size,  its 
extension  by  gemmation  being  limited  ; though  the  aggregation  of 
individuals  produced  by  the  detachment  of  its  buds  (as  in  a Potato 
field)  may  give  rise  to  a mass  of  vegetation  as  great  as  that  formed 
in  the  largest  Tree  by  the  continuous  putting  forth  of  new  buds. 

497.  It  has  been  hitherto  only  in  the  Laurentian  Sei*pentine- 
Limestone  of  Canada,  that  Eozodn  has  presented  itself  in  such 
a state  of  preservation  as  fully  to  justify  the  assumption  of  its 
Organic  nature.  But  from  the  greater  or  less  resemblance  which 
is  presented  to  this  by  Sei’pentine-Limestones  occurring  in  various 
locahties,  among  strata  that  seem  the  G-eological  equivalents  of 
the  Canadian  Laurentians,  it  seems  a justifiable  conclusion  that 
this  type  was  very  generally  diffused  in  the  earlier  ages  of  the 
Earth’s  history ; and  that  it  had  a large  (and  probably  the  chief) 
share  in  the  production  of  the  most  ancient  Calcareous  strata* 
separating  Carbonate  of  Lime  from  its  solution  in  Ocean-water,  in 
the  same  manner  as  do  the  Polypes  by  whose  growth  Coral-reefs 
and  islands  are  being  upraised  at  the  present  time. 

An  elaborate  work,  “ Der  Ban  des  Eozoon  Canadense”  (1S78)  has  been 
recently  published  by  Prof.  Mobius  of  Kiel,  in  which  the  structure  of 
Eozodn  is  compared  with  that  of  various  t3'pes  of  Foraminifera,  and,  as  it 
differs  from  that  of  every  one  of  them,  is  affirmed  not  to  be  Organic  at  all. 
but  purely  Mineral.  Upon  this  the  Author  would  remark,  that  if  the 
validity  of  this  mode  of  reasoning  be  admitted,  any  Fossil  whose  structure 
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<loes  not  correspond  with  that  of  some  ^ i 

larly  rejected.  Thus,  the  Stromatopora  of  Silurian  and  Delnn • 

■winch  some  Palaeontologists  regard  as  a Coral  otlipr«  ..a  P f rocks, 
as  a Calcareous  Spongef  and  ofhers  iSnt^^ 
at  all,  because  it  differs  from  every  known  liviiio-  form  ^ 

tion  that  it  is  of  Mineral  origin  4uld  be  s^o ited  J fheaugges- 

Palfeontologist.  Again,  it  is  urged  by  Prof.  Mdbhis  that  ^^Sp 
canal-system  of  £ozoo7i  has  not  the  constancy  and  re<^uViritv  of  d’f 
biition  which  It  presents  in  existing  ForaminifU  it^ 
counted  a Mineral  infiltration.  To  this  the  Author  would  reply  ? Th^'n^t' 
a prolonged  and  careful  study  of  this  ‘ canal  svstpm  > i‘ii  0 ^ ^ I ^ 

Pi^o? Tvr/*^' ''''  dispLalmany  timeTfrerter  than 

1 of  . Mobius  could  command,  has  satisfied  him  that  in  well -preserved 

specimens  the  canal-system,  so  far  from  being  yague  and  indefiUftP 

a very  regular  plan  of  distribution  (2)  That  tL  plan  dopf -w  ® 

more  from  the  arrangements  characteristic  of  the  sl^eml  types  of 

J^oramimfera,  than  these  differ  from  each  other  i’t« 

them  being  such  .ne  to  satisfy  PrS  Xx  Sehute^^^^^  *“ 

aminiferalists  of  his  time)  of  ite  FoZiniS 

not  only  does  the  distribntion  of  the  canal-system  S So/dil?^n^ 

£S.St“  t^l  oS‘bnt  aT  ^'"’T  '°™  infiltration  hitherto 

conclusively  to  point  to  theii-pr«i.i»  in  the 

i^Epfl-lSsSSi^Ss 

that,  of  an  opposite  bearing  of  which  the  Author  is  in^possession 

Collection  and  Selection  of  Foraminifera Mop-d-  nf 

Foraminifera  attach  themselves  i/  the  wfltate  to 
Zoophytes.  &c. ; and  they  should,  therefore™!  !Sluy  toS 

tJlnaf  n especially  when  it  is  desired  to  observe  their  in- 

^ organization  and  their  habits  of  life.  They  are  often  to  he 

StS  the  S fSebottom,  or  even  from  that  talen  from 
Hnts  on  thk  ^ containing  some  valuable 

the  Small  “mentions  that,  in  walking  over 

• land  P situated  on  the  north-side  of  Port- 

■ iages  varfjfn  *>?  ““hed  4?  wSte 

^g  > y yards  m length,  running  jiarallel  with  the  edge  of 

Transactions  of  Microscopical  Society,”  2nd  Series,  Vol.  ii.  (1854),  p 19 

0,  0, 
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tlie  water ; and  upon  examining  portions  of  these,  he  fonnd  Fora- 
minifera  in  considerable  abundance.  One  of  the  most  fertile  sources 
of  supply  that  our  own  coasts  afford,  is  the  ooze  of  the  Oyster-beds, 
in  which  large  numbers  of  living  specimens  will  be  found;  the 
variety  of  specific  forms,  however,  is  usually  not  very  great.  In 
separating  these  bodies  from  the  particles  of  sand,  mud,  &c.,  with  j 
which  they  are  mixed,  various  methods  may  be  adopted,  in  order 
to  shorten  the  tedious  labour  of  picking  them  out,  one  by  one,  under 
the  Simple  Microscope ; and  the  choice  to  be  made  among  these  will 
mainly  depend  upon  the  condition  of  the  Foraminifera,  the  impor-  | 
tance  (or  otherwise)  of  obtaining  them  alive,  and  the  nature  of  the 
substances  with  which  they  are  mingled. — Thus,  if  it  be  desired  to. 
obtain  living  specimens  from  the  oyster-ooze,  tor  the  examination 
of  their  soft  parts,  or  for  preservation  in  an  Aquarium,  much  time- 
will  be  saved  by  stirring  the  mud  (which  slioidd  be  taken  from  the 
surface  only  of  the  deposit)  in  a jar  with  water,  and  then  allowing  ■ 
it  to  stand  for  a few  moments ; for  the  finer  particles  will  remain  I 
diffused  through  the  liquid,  while  the  coarser  will  subside ; and  as- 
the  Foraminifera  (in  the  present  case)  will  be  among  the  heavier, 
they  will  be  found  at  the  bottom  of  the  vessel  with  comparatively 
little  extraneous  matter,  after  this  operation  has  been  repeated  two 
or  three  times.  It  would  always  be  well  to  examine  the  first  deposit 
let  fall  by  the  water  that  has  been  poured-away ; as  this  may  contain 
the  smaller  and  fighter  forms  of  Foraminifera. — But  supposing  that 
it  be  only  desired  to  obtain  the  dead  shells  from  a mass  of  sand 
brought-up  by  the  dredge,  a very  different  method  should  be 
adopted.  The  whole  mass  should  be  exposed  for  some  hours  to  the 
heat  of  an  oven,  and  be  turned-over  several  times,  until  it  is  found 
to  have  been  thoroughly  dried  throughout ; and  then,  after  being 
allowed  to  cool,  it  should  be  stirred  in  a large  vessel  of  water.  The 
chambers  of  their  shells  being  now  occupied  by  air  alone  (for  the 
bodies  of  such  as  were  alive  will  have  shrunk -up  almost  to  nothing), 
the  Foraminifera  will  be  the  lightest  portion  of  the  mass ; and  thej 
wiU  be  found  floating  on  the  water,  while  the  particles  of  sand,  &c., 
subside.  Another  method,  devised  by  Mr.  Legg,  consists  in  taking 
advantage  of  the  relative  sizes  of  different  kinds  of  Foraminifera 
and  of  the  substances  that  accompany  them.  This,  which  is 
especially  applicable  to  the  sand  and  rubbish  obtainable  from  j 

Sponges  (which  may  be  got  in  large  quantity  from  the  sponge-  j 

merchants),  consists  in  sifting  the  whole  aggregate  through  succes-  ; 
sive  sieves  of  wire-gauze,  commencing  with  one  of  10  wires  to  the  ? 
inch,  which  will  separate  large  extraneous  particles,  and  proceeding  j 
to  those  of  20,  40,  70,  and  100  wires  to  the  inch,  each  (especially 
that  of  70)  retaining  a much  larger  proportion  of  Foramimferal  \ 
shells  than  of  the  accompanying  particles ; so  that  a large  portion  : 
of  the  extraneous  matter  being  thus  got  rid  of,  the  final  selection 
becomes  comparatively  easy. — Certain  forms  of  Forammifera  are 
found  attached  to  Shells,  especially  bivalves  (such  as  the  Chamacece) 
with  foliated  surfaces ; and  a careful  examination  of  those  oi 
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tropical  seas  wlien  brought  home  ‘ iu  the  rough,’  ia  almost  sure  to 
yield  most  valuable  results.-The  final  selectbn  of  specimens 
mounting  should  always  be  made  under  some  appropLte  fo?m  of 
bingle  Microscope  (§§  43-^18);  a fine  camel-hai?^peTil  w 
point  wetted  between  the  lips,  being  the  instrument  which  may  be 
most  conveniently  and  safely  employed,  even  for  the  most  delicate 

Foraminifera  as  Microscopic  objects,  the 
method  to  be  adopted  must  entirely  depend  upon  whether  they  are 
to  be  ^ewed  hytroAismitted  or  hy  reflected  light.  In  the  former 
case  they  shonld  be  mounted  in  Canada  balsam  (S  210) : the  various 
prevent  the  retention  of  air-bubbles,  which  have 
been  already  described,  being  carefully  observed.  In  the  latter  no 
plan  is  so  simple,  easy,  and  effectual,  as  the  attaching  them  with 
a httle  gum  to  wooden  slides  (Fig.  124).  They  shonld  be  fixed  in 
\ arions  positions,  so  as  to  present  aU  the  different  aspects  of  the 
shell,  particular  care  being  taken  that  its  mouth  is  clearly  dis- 
tills  may  often  be  most  readily  managed  by  attachino- 
sidewnysto  the  waU  of  the  circular  depression  of  the 
Shi  attached  to  disks  fitted  for  being 

of  ^ Disk-holder  (Fig.  95) ; whilst  for  the  examination 

of  position,  Mr.  E.  Beck’s  Disk-holder 
I ig.  94)  mil  be  found  extremely  convenient.  Where,  as  will  often 
happen,  the  several  mdividuals  differ  considerably  from  one  another 

^ them  in  series  illustrative  of 

their  ran^e  of  valuation  and  of  the  mutual  connections  of  even  the 

^ necessary  to  make  extremely  thin 

W ^’1  Lp^  manner  already  described  (§§  192-194) ; and  much 

STss^pn?  ^ number  of  specimens  to  the 

olass  slide  at  once,  and  by  grinding  them  down  together  (§  192,  note) 

thaff^o^Sr''^^'^^  sections  however,  of  the  extreme  thinness 

b7truns?frS/+T''''  ’ which  have  been  thus  reduced  shonld 
ansferred  to  separate  slides,  and  ^ished-off  each  one  by  itself. 

Eadiolaria. 

499.  1ft  has  been  shown  that  one  series  of  forms  belonging  to  the 
Mtzqpoti  tjpe  13  charaetenzed  by  the  radiatinri  arrangement  of 
their  rod-lie  psmdopodm  (§  399),  suggesting''  the  designation 
mwr.oa  or  ■ sun-ammalcules and  that  even  iSnong  thosf  fS 

rK?2RSWher^*f  ° “*  widely  from  the  common  Acti,u^!^ 

( g.  285),  there  are  some  whose  bodies  are  enclosed  in  a complete 
siliceous  skeleton.  Mow  just  as  the  Eeticnlarian  type  of  EhizLod 

IoL  ^Tr^^®®  calcareons-sheUed  ibramwi/em!  so 

dS  culminate  in  the  marine  Badiolaria  ; 

^ part  near  the  surface  of  the  ocean,  form 

«tlweoM8  skeletons  (often  of  marvellous  symmetry  and  beauty)  that 
bottom  on  the  death  of  the  animals  that  produced  them, 
and  may  remain  unchanged,  like  those  of  the  Diatoms,  tlirongh 

Q Q 2 ^ 
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miliniiteci  poriodfi  of  time.  Some  of  these  skeletons,  mingled  with 
those  of  Diatoms,  had  been  detected  by  Prof.  Ehrenberg  in  the 


Fio.  315. 


Fossil  Badiolaria  from  Barbadoes  -.—a,  Podocyrtis  mitra ; 
h.  Ehabdolithns  sceptrum ; c,  Lycbnocanium  falcifenim ; 
d,  Eucyrtidium  tubulus  ; e,  Flustrella  conceutrica;  /,  Lychno- 
canium  lucema ; g,  Eucyrtidium  elegans ; Dictyospyns 
clathrus  ; t,  Eucyrtidium  Mongolfieri  ; SteplianolRuis  spi- 
nescens ; 7,  S.  nodosa ; m,  Lithocyclia  ocellus  ; n,  Cephalo- 
lithis  sylvina;  o,  Podocyrtis  cothurnata;_p,  Rhabdolitnus  pipa. 

midst  of  various  deposits  of  Poraminiferal  origin,  snch  a^the  Cal- 
careous Tertiaries  of  Sicily  and  Greece,  and  of  Oran  in  Amca ; and 
be  established  for  them  the  group  of  Polycystina,  to  which  he  was 
able  also  to  refer  a beautiful  series  of  forms  making-up  nearly  the 
whole  of  a siliceous  sandstone  prevailing  through  an  extensive 
district  in  the  island  of  Barbadoes  (Fig.  345).  Nothing,  however 
was  known  of  the  nature  of  the  animals  that  formed  them,  ^til ; 


they  were 


discovered  and  studied  in  the  living  state  by  Prof. 


Muller  who  established  the  group  of  liadiolaria,  including; 


* ‘Eeber  die  ThalassicoUev,  Polycystinen,  und  Acavthomeircn  des  Mittel-^|^. 

“ A-bhandliingen  dei’  Konigl.  Akad.  der  Wisseusch.  zu  Beilin,  j 


meeres,  in  - * AULlU/iiUi  Miagcu  VAV-.J.  V-,-..  — — ^ , 

1858.  aud  separately  published;  also  ‘Ueber  die  im  Hafen  von  Messina  beo^  . 
bacliteten  Polycyxtincn;  in  tbe  “ Monatsberichte’  of  the  Berlin  Academy  foi|i 
1855,  pp.  671-676. 
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Vabious  Foniis  or  Eadiolaeia. 
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Pohl^ystina  of  Ehrenberg,  the  Acauthometrina 
6U0)  hrst  recognized  by  himself,  and  the  Thalassicolla  (S  506) 
which  had  been  discovered  by  Prof.  Hiixdey.  Kot  long  after- 
wards  appeared  the  magnificent  and  ‘ epoch-making’  work  of  Prof, 
tlaeckel ; and  since  that  time  much  has,  been  added  by  various 
observers  to  our  knowledge  of  this  group,  which  still  remains,  how- 
ever, very  imperfect.  For  the  following  general  account  of  its 
cimracters  the  Author  is  indebted  to  the  valuable  summary  of 

Pro^MivS^t^^^^^^^  regard  to  the  Eadiolaria”  lately  given  by 

500.  Each  individual  Eadiolarian  consists  of  two  portions  of 
coloured  or  colourless  sarcode  : one  portion  nucleated  and  central ; 
ttie  other  portion  peripheral,  and  almost  always  containing  certain 
yellow  corpuscles.  These  two  portions  are  separated  by  a chitinous 
membrane  called  the  ca.pside ; but  this  is  so  porous  as  to  allow  of 
their  Iree  communication  with  each  other.  The  yeUow  corpuscles 
seem  to  be  true  ‘cells;’  having  a regular  membranous  wall,  with 
pro  oplasmic  contents  (including  starch-granules),  and  distinct 
nuclei ; and  multiplying  themselves  by  subdivision.  But  there  is 
considerable  doubt  whether  they  are  really  parts  of  the  animal 
0.  y,  as  they  have  been  found  in  vigorous  life  when  the  rest  of  the 
animal  is  dead  and  decaying ; and  they  are  regarded  by  Cienkowski 
as  parasites,  i hQ  pseudopodia  radiate  in  all  directions  (Plate  xviii., 
oS-  » ) rom  the  deeper  portion  of  the  extra-capsular  sarcode ; they 
lave  generally  much  persistency  of  direction,  and  very  little  flexi- 
y , in  some  species  (but  not  ordinarily)  they  branch  and  anas- 
omosC’  while  in  others  they  are  enclosed  in  hollow  rods  that  form 
part  ot  the  sihceoiis  skeleton,  and  issue  forth  from  the  extremities 
lese.  A flow  of  granules  takes  place  along  them  ; and  the  mode 
in  which  they  obtain  food-particles  (consisting  of  Diatoms  and 

Infusoria,  &c.),  aud  draw  them  into  the 
Tin'+n  11^6  Eadiolarians,  appears  to  correspond  entirely 

action  .in  Adinophrys  and  other  Heliozoa  (§  399). 

00  ^ ^ost  Radiolaria,  skeletal  structures  are  developed  in  the 
sarcode-body,  eEher  inside  or  outside  the  capsule,  or  in  both 
p 1 10ns , sometimes  in  the  form  of  investing  networks  having 

^jplieroidal  form  (Plate  xix.,  figs.  1,  2),  or  of  radia- 
Uny  spines  (fig.  3),  or  of  combinations  of  these  (figs.  4,  5).  But  in 
® skeleton  consists  only  of  a few  scattered  spicules  ; 
f’nlnTiif  large  composite  forms  or 

znnirlH  ^ ‘”’hich  may  consist  of  as  many  as  a thousand 

various  forms,  discoidal,  cyhndrical, 
i-n  ho  ^ ^ necklace-like.  The  ‘ colonies’  seem 

multiple  segments  of  the  bodies  of  Forami- 

1 i ” , 7-^^®  non-sexual  multipHcation  of  a primordial  zooid 

by  fission,  or  by  th« 

S portions  of  the  sarcode-body,  has  not  yet  been  clearly 

. »*T  (Rhizopoda  Radiaria),”  Berlin,  1862 

r Journal  of  the  Linnaean  Society,”  VoL  xiv.  (Zool.),  p.  13G. 
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inade-oxit.  The  emission  of  flagellated  zoospores,  very  similar  to 
those  of  Clathrulma  (Fig.  288),  has  been  observed  in  many  lladio- 
larians  ; but  of  the  mode  in  which  they  are  produced,  and  of  their 
subsequent  history,  very  little  is  at  jjresent  known. — Until  the 
structure  and  lile-liistory  of  the  animals  of  this  very  interesting 
type  shall  have  been  more  fully  elucidated,  no  satisfacbmy  classifi- 
cation of  them  can  be  framed ; and  nothing  more  will  be  here 
attempted  than  to  indicate  some  of  the  principal  forms  under 
which  the  Radiolarian  type  presents  itself. 

b02.  Discida. — Among  the  beautiful  siliceous  structures  which 
are  met  with  in  the  Radiolarian  sandstone  of  Barbadoes  (Fig.  345) 
there  is  none  more  interesting  than  the  skeleton  of  Astromnw 
(Fig.  346) ; in  which  we  have  a remarkable  example  of  the  range  of 

Fig.  346. 


Varietal  modilicatious  of  Astromma. 


variation  that  is  compatible  with  conformity  to  a general  plan  of 
structure.  As  in  other  forms  of  Haeckel’s  group  of  Discida,  there  is 
in  this  skeleton  a combination  of  radial  and  of  circumferential  parts; 
the  former  consisting  of  solid  spoke-like  rods,  whilst  the  latter  is 
composed  of  a siliceous  network  more  or  less  completely  filling  up 
the  spaces  between  the  rays.  The  radial  part  of  the  skeleton  jire- 
dominates  in  the  beautiful  4-rayed  example  represented  at  d,  having 
the  form  of  a Maltese  cross  ; whilst  in  f and  G it  still  shows  itse 
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very  couspcuously  though  the  spaces  between  the  rays  are  in 
great  part  hlled  up  by  the  circumferential  network.  In  the  5-ravPd 
,specimens  a and  b on  the  other  hand,  the  radial  portion  is  nmch 
less  developed,  whilst  the  circuniterential  becomes  more  discoid-il 
Aud  m c and  n while  the  circumferential  network  forme  a pTw 
Hill  ebsk,  the  radial  portion  is  represented  only  by  soHd  proiections 
at  its  angles.  Ihe  transition  between  the  extreme  forms  is  found 
to  be  so  gradual  when  a numlier  of  specimens  are  compared,  that 
no  lines  of  specihc  distinction  can  be  drawn  between  them  • and  the 
chflerence  in  the  numher  of  rays  is  probably  of  no  more  account  in 
V than  it  is  in  the  discoidal  Diatoms 

(§  Other  discoidal  forms,  showing  a like  combination  of 

ramal  and  circumferential  parts,  are  represented  in  Dio-s  347  htwI 
i348,  and  also  in  Dig.  345,  e,  m.  o • ana 


Fig.  347. 


Fig.  348. 


I ei  icklamyduim  pradexlim.  Stijlodijctija  gracilis. 

503.  EntosplicGridd.—hi  this  group  the  siliceous  shell  is  spheroidal 
termed the  capsule  ; and  it  is  not  traversed  by  radii 

although  prolongations  of  the  shell  often  extend  themselves  radially’ 
outwards,  as  in  Glaclococms^  (Plate  xix.,  fig.  6).  Sometimes  the 
central  sphere  is  enclosed  in  two,  three,  or  even  more  concentric 
spheres  connected  by  radii,  as  in  the  beautiful  Jdinomma  (Plate 
XIX.,  fi_^-  _2) ; reminding  us  of  the  wonderful  concentric  spheres 
carved  m ivory  by  the  Chinese.— One  of  the  most  common  examples 
ot  tins  group  is  the  Haliomma  Humholdtii  (Pig.  349),  in  which  the 
Bhell  is  double. 

504.  Polycystina.  This  name,  which  originally  included  the  pre- 
cecling  group,  is  now  restricted  to  those  which  have  the  shell  formed 
oiUside  the  capsule.  This  shell  may,  as  in  the  preceding,  be  a 
simple  sphere  composed  of  an  open  siliceous  network,  as  in 
PtknwepluBra  (Plate  xix.,  fig.  1) ; or  it  may  consist  of  two  or  three 
concentric  spheres  connected  by  radii  ; or,  again,  it  may  put  forth 
radial  out^owths,  which  sometimes  extend  themselves  to  several 

imes  the  diameter  of  the  shell,  and  ramify  more  or  less  minutely. 
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as  in  Arachnosiihoira  (Plato  xix.,  fig.  4).  But  more  frequently  the 
shell  oj3ens-out  at  one  pole  into  a form  more  or  less  bell-like,  as 
in  PodocyrUs  (Plate  xviir.,  fig.  1,  and  Fig.  345,  a,  o),  llhopaloca- 

nium  (Plate  xviii.,  fig.  2),  and 
Pterocaniiim  (Plate  xviii.,  fig.  4) ; 
or  it  may  be  elongated  into  a 
somewhat  cylindrical  form,  one 
pole  remaining  closed,  while  the 
other  is  more  or  less  contracted, 
as  in  Eucyriidium  (Pig.  845, 
d,  (j,  i). — The  transition  between 
these  forms  again,  proves  to  be  as 
gradational,  when  many  speci- 
mens are  compared,*  as  it  is 
among  Foraminifera  (§  488). 

505.  Acanthometrina.  — In  this 
group  the  animal  is  not  enclosed 
within  a shell,  but  is  furnished 
with  a very  regular  skeleton  com- 
posed of  elongated  spines,  which 
radiate  in  all  directions  from  a 
common  centre  (Plate  xix.,  fig.  3).  The  soft  sarcode-body  is 
spherical  in  form,  and  occupies  the  spaces  left  between  the  bases 
of  these  spines,  which  are  sometimes  partly  enclosed  (as  in  the 
species  represented)  by  transverse  projections.  The  ‘capsule’ is 
pierced  by  the  pseudopodia,  whose  convergence  may  be  traced  from 
Avithout  inwards,  after  passing  through  it ; and  it  is  itself  enveloped 
in  a layer  of  less  tenacious  protoplasm,  resembling  that  of  which 
the  pseudopodia  are  composed.  One  species,  the  Acanthometra 
echinoides,  which  presents  itself  to  the  naked  eye  as  a crimson- 
red  point,  the  diameter  of  the  central  part  of  its  body  being  about 
6-lOOOths  of  an  inch,  is  very  common  on  some  parts  of  the  coast 
of  Norway,  especially  during  the  jirevalence  of  westerly  winds  ; and 
the  Author  has  himself  met  with  it  abundantly  near  Shetland,  in 
the  floating  brown  masses  termed  madre  by  the  fishermen  (who 
believe  them  to  furnish  food  to  the  herring),  which  consist  mainly 
of  this  Acanthometra  mingled  with  Entomostraca. 

506.  Gollozoa. — To  this  group  belong  these  remarkable  compo- 
site forms,  which,  exhibiting  the  characteristic  Eadiolarian  type 
in  their  individual  zooids,  are  aggregated  into  masses  in  which 
the  skeleton  is  represented  only  by  scattered  spicules,  as  in  Spheero- 
zonw,  (Fig.  350)  and  Thalassicolla. — These  ‘ sea-jellies,’  which  so 
abound  in  the  seas  of  warm  latitudes  as  to  be  among  the  com- 
monest objects  collected  by  the  Tow-net,  are  small  gelatinous 
rounded  bodies,  of  very  variable  size  and  shape,  but  usually  either 
globular  or  discoidal.  Externally  they  are  invested  by  a layer  of 

* The  general  Plan  of  structure  of  the  PolycysHna,  and  the  signification  of 
their  immense  variety  of  forms,  were  ably  discussed  by  Dr.  Wallich,  in  the 
“Trans,  of  the  Microsc.  Soc.y”  N.S.,  Vol.  xiii.  (1865),  j).  75. 
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Vabioits  Fobms  or  Radiolahta. 
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condensed  sarcode,  which  sends  forth  pseudopodial  extensions  that 
commonly  stand  out  like  rays,  but  sometimes  inosculate  with  each 


Fig.  350. 


Spluerozoutn  ovodimare. 


other  so  as  to  form  network.  Towards  the  inner  surface  of  this 
coat  are  scattered  a great  number  of  oval  bodies  resembling  cells, 
having  a tolerably  distinct  membraniform  wall  and  a conspicuous 
round  central  nucleus.  Each  of  these  bodies  appears  to  be  without 
any  direct  connection  with  the  rest ; but  it  serves  as  a centre 
round  which  a number  of  minute  yellowish-green  vesicles  are  dis- 
posed. Each  of  these  groups  is  protected  by  a siliceous  skeleton, 
which  sometimes  consists  of  separate  spicules  (as  in  Fig.  350),  but 
which  may  be  a thin  perforated  sphere,  like  that  of  certain  Poly- 
cystina,  sometimes  extending  itself  into  radial  prolongations,  Tne 
internal  portion  of  each  mass  is  composed  of  an  aggregation  of 
large  vesicle-like  bodies,  imbedded  in  a softer  sarcodic  substance.* 

507.  From  the  researches  made  during  the  ‘Challenger’  expe- 
dition, it  appears  that  the  Radiolaria  are  very  widely  diffused 
through  the  waters  of  the  ocean,  some  forms  being  more  abundant 

* See  Prof.  Huxley  (to  whom  we  owe  our  first  knowledge  of  these  forms)  in 
“Ann.  Nat.  Hist.,”  Ser.  2,  7ol.  viii.  (1851),  p.  433;  also  Prof.  Muller,  of  Berlin, 
in  “Quart.  Journ.  Microsc.  Sci.,”  Vol.  iv.  (1856),  p.  72,  and  in  his  Treatise 
“ Ueber  die  Thalassicollen,  Polycystinen,  und  Acanthometren  des  Mittel- 
meeres and  the  magnificent  work  of  Prof.  Haeckel,  “ Die  Radiolarieu." — 
Great  additions  to  our  knowledge  of  this  group  may  be  expected  from  the 
collections  made  in  the  ‘ Challenger  ’ expedition. 
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in  tropical  and  others  in  temperate  seas ; and  that  they  live  not 
omy  at  or  near  the  surface,  but  also  at  considerable  depths.  Their 
siliceous  skeletons  accumulate  in  some  localities  (in  which  the 
calcareous  remains  of  Foraminifera  are  wanting)  to  such  an  extent 
as  to  form  a ‘ Radiolarian  ooze  and  it  is  obvious  that  the  eleva- 
tiori  of  such  a deposit  into  dry  land  would  form  a bed  of  siliceous 
sandstone  resembling  the  well-known  Barbadoes  rock,  which  is  said 
to  attain  a thickness  of  1100  feet,  or  a similar  rock  of  yet  greater 
thickness  in  theNicobar  islands. — Few  Microscopic  objects  are  more 
bea.utifid  than  an  assemblage  of  the  most  remarkable  forms  of  the 
Barbadian  JPolycystina  (Fig.  315),  especially  when  seen  brightly 
illuminated  upon  a black  ground ; since  (for  the  reason  formerly 
explained,  § 103)  their  solid  forms  then  become  much  more  ap- 
parent than  they  are  when  these  objects  are  examined  by  light 
transmitted  through  them.  And  when  the}'’  are  mounted  in 
Canada-balsam,  the  Black-ground  illumination,  either  by  the 
Webster-condenser  (§  100),  the  Spot-lens  (104),  or  the  Paraboloid 
(§105),  is  much  to  be  preferred  for  the  purpose  of  disjjlay,  although 
minute  details  of  structure  can  be  better  made  out  when  they  are 
viewed  as  transparent  objects  with  higher  powers.  Many  of  the 
more  solid  forms,  when  exposed  to  a high  temperature  on  a slip  of 
platinum  foil,  -undergo  a change  in  aspect  wliich  renders  them 
pec^arly  beautiful  as  opaque  objects ; their  glassy  transparence 
gi-ving  place  to  an  enamel-like  opacity.  They  may  then  be  moun-ted 
on  a_ black  ground,  and  illuminated  either  -with  a Side-condensei', 
or  with  the  Parabolic  Speculum  (§  114). — ISTo  class  of  objects  is 
more  suitable  than  these  to  the  Binocular  Microscope  ; its  stereo- 
scopic projection  causing  them  to  be  presented  to  the  mind’s  eye 
in  conaplete  relief,  so  as  to  biing-out  with  the  most  marvellous  and 
beautiful  effect  all  their  delicate  sculpture.* 

* For  a fuller  description  of  the  Fossil  forms  of  this  group,  see  Prof.  Ehreii- 
berg’s  Memoirs  in  the  “Mouatsberichte”  of  the  Berlin  Academy  for  1846, 1847, 
and  1850;^also  his  ‘Microgeologie,’  1854;  and  “ Ann.  of  Nat.  Hist,”  Vol.  xx. 
(1847). — The  best  method  of  separating  the  Polycystina  from  the  Barbadoes 
sandstone  is  described  by  Mr.  Furlong  in  the  “Quart.  Joum.  of  Hicrosc. 
Sci.,”  N.  S.,  Vol.  i.  (1861),  p.  64. 
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SPONGES  AND  ZOOPHYTES. 

I.  Sponges. 

508.  The  dctenniiiatioii  of  the  real  character  of  the  animals  of 
this  Class  has  been  entirely  effected  by  the  Microscopic  examination 
of  their  mmute  structure  ; for  until  this  came  to  he  properly  under- 
stood, not  only  was  the  general  nature  of  these  organisms  entirely 
:^sapprehended,  but  they  were  regarded  by  many  naturalists  as 
havmg  no  certain^  cla-im  to  a place  in  the  Animal  Kingdom.  It 
may  now  be  unhesitatingly  affirmed  that  a Sponge  is  essentially  an 
Protozoic  units,  of  which  some  correspond  in  every 
particular  to  ■ the  collared  Flagellata  (Pig.  295),  whilst  others  re- 

— the  two  conditions  being  probably  only 
different  stages  of  the  same  life-history.  These  units  are  held 
together  by  a continuous  sarcode-body,  which  clothes  the  skeletal 
framework  that  represents  our  usual  idea  of  a Sponge.  In  the  simpler 
forms  of  sponges,  however,  this  framework  is  altogether  absent ; 
HI  oimers  it  is  represented  only  by  calcareous  or  siliceous  ‘ spicules  ’ 
which  are  dispersed  through  the  sarcodic  substance  (Fig.  362,  b);  in 
others,  again,  the  skeleton  is  a keratose  (horny)  network,  which 
may  be  entirely  destitute  (as  in  our  ordinary  Sponge)  of  any 
mineral  support,  but  which  is  often  strengthened  by  calcareous  or 
smc^u.s  spicules  (Pig.  352,  a)  ; whilst  in  what  may  be  regarded  as 
the  highest  types  of  the  group,  the  sihceous  component  of  the 
skeleton  mcreases,  and  the  keratose  diminishes,  until  the  skeleton 
^ ^ beautiful  siliceous  network  resembling  spun-glass 
^ 'i,  f^^’^^^^ever  maybe  the  condition  of  the  skeleton,  thsd, 
of  the  body  that  clothes  it  remains  essentially  the  same ; and  the 
pecuhanty  that  chiefly  distinguishes  the  Sponge-colony  from  the 
plant-hke  colonies  of  the  Flagellate  Infusoria  (Pig.  296),  is  that 
w.Mst  the  latter  extend  themselves  outwards  by  repeated  ramili- 
cation,  sending  their  zooid-bearing  branches  to  meet  the  water  they 
mhabit,  the  surface  of  the  former  extends  itself  inwards,  forming 
a systein  of  passages  and  cavities  Hned  by  these  and  the  amoeboid 
zooids,  through  which  a current  of  water  is  drawn -in  to  meet  them 
by  the  ^tion  of  the  flageUa.  The  minute  pores  (Pig.  351,  h,  b)  with 
which  the  surface  a,  a,  of  the  living  Sponge  is  beset,  lead  to  incur- 
rent passages  that  open  into  chambers  lying  beneath  it  (c,  c) ; and 
it  IS  especially  on  the  walls  of  these  ‘ ampullaceous  sacs,’  that  the 
iagellate  zooids  present  themselves.  The  water  drawn-in  by  their 
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itgc^ucy  ia  driven  outwards  through  a system  of  excurrent  canals, 
which,  uniting  into  larger  tranks,  proceed  to  the  oscnla  or  pro- 


Fio.  351, 


Diagrammatic  section  of  SpontjUla : — a,  a,  superficial  layer  ; 

6,  inhalant  apertures;  c,  c, flagellated  chambers ; d,  exhalant 
oscule  ; e,  deeper  substance  of  the  sponge. 

jecting  vents,  d, — from  each  of  which,  during  the  active  life  of  the 
Sponge,  a stream  of  water,  carrying  out  excrementitious  matter, 
is  continually  issuing.  The  in-current  brings  into  the  chambers 
both  food-material  and  oxygen ; and  from  the  manner  in  which 
coloured  particles^  experimentally  diffused  through  the  water 
wherein  a Sponge  is  living,  are  received  into  its  sarcodic  substance, 
it  seems  clear  that  the  nutrition  of  the  entire  fabric  is  the  resultant 
of  the  feeding  action  of  the  separate  amoeboid  and  flagellate  units, 
each  of  which  takes-in,  after  its  kind,  the  food-particles  brought 
by  the  current  of  water,  and  imparts  the  product  of  its  digestion 
of  them  to  the  general  sarcodic  mass.* 

509.  The  continuous  sarcode-substance  or  ‘ cyloblastema  ’ that 
clothes  the  skeleton  of  the  Sponge  and  constitutes  its  living  body, 
includes  great  numbers  of  ‘ cytodes’  (§  392),  in  various  stages  of 
development;  which,  like  isolated  Amcebce,  are  constantly  under- 
going changes  in  form  and  position.  Their  long  slender  pseudo- 
podia, radiating  towards  those  of  their  neighbours,  often  unite 
together  to  form  a complex  network  ; and  it  seems  to  be  by  their 
agency,  that  the  continual  contractions  and  expansions  of  the  oscula 
are  produced,  which  are  very  characteristic  of  the  living  Sponge. 

* This  view  of  the  nature  and  living  action  of  Sponges,  originally  suggested 
by  Dujardin,  was  deflnitely  put  forth  by  the  late  Pi-of.  H.  James-Clark,  as  the 
result  of  an  admirable  series  of  researches  on  Sponges  and  Flagellate  Infusoria, 
in  the  Transactions  of  the  Boston  Society  of  Natural  History  for  1868,  repro- 
duced in  the  “ Ann.  Nat.  Hist.”  for  the  same  year.  See  also  his  Memoir  on 
Spongilla  in  “Araer.  Joura.  Sci.,”1871,  pp.  426-436;  reproduced  in  ‘Monthly 
Microsc.  Journ.’  Vol.  vii.  (1872),  p.  104. — His  observations  have  been  since 
fully  confirmed  by  Messrs.  Carter  and  Saville  Kent ; who  have  published  a 
succession  of  Papers  in  the  “Annals  of  Natuiul  History,”  the  general  con- 
clusions of  which  are  embodied  in  Chap.  v.  of  Mr.  S.  Kent’s  “ Manual  of  the 
Infusoria.’’ 
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It  would  thus  seem,  indeed,  as  if  they  combined  in  themselves  the 
ImcUons  of  nerve  and  muscle-elements,  which  are  differentiated  in 
the_  higher  forms  of  ammal  life.  Any  one  of  these  amoeboids 
agam,  detached  from  the  mass,  may  lay  the  foundation  of  a new 
colony  In  the  aggi-egate  mass  produced  by  its  continuous 
segmentation,  certam  globular  clusters  are  distinguishable  each 
having  a cavity  m its  mterior ; and  the  amoeboids  that  form  the  wall 
of  this  cavity  become' metamorphosed  into  collared  flao-ellate  zooids 
whose  flagella  project  into  it.  Thus  is  formed  one  of  the  character 
istic/ampullaceous  sacs;’  which,  at  first  closed,  afterwards  com- 
mumcates  with  the  exterior,  on  the  one  hand,  by  an  incui-rent 
passage,  and  on  the  other  with  the  excurrent  canal-system  leadina: 
to  the  oscula.— Besides  this  reproduction  by  ‘ micro-spores  ’ there 
IS  another  form  of  non-sexual  reproduction  by  ‘macro-spores-’ 
which  are  clusters  of  amoeboids  encysted  in  Arm  capsules  fre 
quently  strengthened  on  their  exterior  by  a layer  of  spicules  of 
very  peculiar  form  These  ‘ seed-like  bodies,’  which  answer  to  the 
encysted  states  of  many  Protophytes,  are  met  with  in  the  sub- 
stance of  the  sponge,  chiefly  in  winter  ; and  after  being  set  free 
through  the  oscula,  they  give  exit  to  their  contained  amoeboids 
each  of  which  may  found  a new  colony.— A true  process  of  sexual 
generation,  moreover,  is  said  to  take  place  in  Sponges ; certain 
of  the  amoeboids,  like  certain  cells  of  Volvox  (§  240),  becoming: 
sp^rn-cells,  and  developing  spermatozoa  by  the  metamorphosis 
of  their  nuclei ; while  others  become  ‘ germ-cells,’  developing  them- 
selves by  segmentation  (when  fertilized)  into  the  bodies  known  as 
cihated  gemmules,’  which  are  set  free  from  the  walls  of  the 
canals,  swim  forth  from  the  vents,  and  for  a time  move  actively 
through  the  water.  According  to  Prof.  Haeckel,  the  fertilized 
germ-cells  are  to  be  regarded  as  true  ova,  and  the  products  of  their 
segmentation  as  morulm,  which,  by  invagination  (§  391)  become 
gastrulm;  and  he  argues  that  the  whole  system  of  canals  and 
ampuUaceous  sacs  is  really,  like  the  system  of  canals  in  the 
bponge-hke  Alcyonmm  (§  629),  an  extension  of  the  primitive 
gastric  ca\aty ; the  oscula  of  Sponges  being  the  undeveloped 
representatives  of  thepoZ^/pes  of  the  Zoophyte. — As  it  is  doubtful 
however,  whether  the  supposed  Sponge-spermatozoa  are  anything- 
else  than  ordinary  flagellated  monads,  and  as  the  development  of  the 
supposed  ovum  by  no  means  conforms  to  the  ordinary  yasZrcea  type 
the  question  whether  Sponges  are  strictly  Protozoa,  ov  are  to  be 
regarded  as  constituting  the  lowest  form  of  the  Metazoic  type,  must 

Author’s  opinion)  as  still  an  open  one  * 

;510.  The  arrangement  of  the  keratose  reticulation  in  the  Sponges 
with  which  we  are  most  famihar,  may  be  best  made  out  by  cutting 
hin  shces  of  a piece  of  Sponge  submitted  to  firm  compression, 

XT  * Seville  Kent’s  “ Manual  of  the  Infusoria,”  and  Chap,  v of 

Mr.  Balfour  s ‘‘  Comparative  Embryology,”  as  well  as  Prof.  Haeckel’s  important 
work  on  the  Calcareous  Sponges.  ^ 
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aud  viewing  these  slices,  mounted  upon  a dark  ground,  with  a low 
magnifying  powor,'under  incident  light.  Such  sections,  thus  illumi- 
nated, are  not  merely  striking  objects,  but  serve  to  show,  very 
characteristically,  the  general  disposition  of  the  larger  canals  and  of 
the  smaller  pores  with  which  they  communicate.  In  the  ordinary 
Sponge,  the  fibrous  skeleton  is  almost  entirely  destitute  of  spicules; 
the  absence  of  which,  in  fact,  is  one  important  condition  of  that 
flexibility  and  compressibility  on  which  its  uses  depend.  When 
spicules  exist  in  connection  with  such  a skeleton,  they  are  usually 
either  altogether  imbedded  in  the  fibres,  or  are  implanted  into 
them  at  their  bases,  as  shown  in  Fig.  352,  a.  But  smaller  and 


Fig.  352. 

A K 


A.  Portion  of  Halicliondria  (?)  from  Madagascar,  with  siliceous 
spicules  projecting  from  the  keratnse  network. 

B.  Triradiate  spicules  of  Grantia  compressa,  lying  in  the  midst  of  its 
cytoblastema. 

simpler  Sj)onges,  such  as  Chmitia,  have  no  horny  skeleton  ; and  theii" 
spicules  are  imbedded  in  the  general  substance  of  the  body  (Fig. 
352,  b). — Sponge-spicules  are  much  more  frequently  Siliceous  than 
Calcareous ; and  the  variety  of  forms  presented  by  the  siliceous 
spicules  is  much  greater  than  that  which  we  find  iu  the  comparar 
tively  small  division  in  which  they  are  composed  of  carbonate  of 
lime.  The  long  needle-like  spicules  (Fig.  353),  which  are  extremely 
abundant  in  several  Sponges,  lying  close  together  in  bundles,  are 
sometimes  straight,  sometimes  sHghtly  curved ; they  are  sometimes 
pointed  at  both  ends,  sometimes  at  one  only;  one  or  both  ends 
may  be  furnished  with  a head  like  that  of  a pin,  or  may  carry 
three  or  more  diverging  points  which  sometimes  curve  back  so  as 
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to  form  hooks  (Fig.  488,  ii).  men  the 


beset  with  little  spines, 
arranged  at  regular  in- 
tervals, giving  them  a 
jointed  appearance  (Fig. 
852,  a).  Sponge-spicules 
frequently  occur,  how- 
ever, under  forms  very 
different  from  the  pre- 
ceding ; some  being  short 
and  many-branched,  and 
the  branches  being  them- 
selves very  commonly 
stunted  into  mere  tuber- 


Siliceous  Spicules  of  Pachymatisma. 


Fio,  353. 


cles  (some  examples  of  which  type  are  presented  in  Fig.  488  a c)  • 
wmlst  others  ^ are  stellate,  ^ having  a central  body  with  conical 
spines  projecting  from  it  in  all  directions  (as  at  d of  the  same 
hgure).  (xreat  vaneties  present  themselves  in  the  stellate  form 
according  to  the  relative  predominance  of  the  body  and  of  the  rays  • 
in  those  represented  in  Fig.  353,  the  rays,  though  very  numerous’ 
aie  extremely  short ; in  other  instances  the  rays  are  much  longer 
and,  scarcely  any  central  nucleus  can  be  said  to  exist.  The 
vaneties  m the  form  of  Sponge-spicules  are,  in  fact,  almost  endless ; 

Sponge  often  presents  two  or  more  (as  shown  in  Fig. 
oo3),  tfm  stellate  spicules  usually  occurring  either  in  the  inter- 
spaces _ between  the  elongated  kinds,  or  in  the  external  crust* 
of  Sponges  cannot  be  considered,  like  the  rapliides 
ot  Plants  (^  3e9),_  simply  as  deposits  of  Mineral  matter  in  a 
crystaUine  state ; ^ for  the  forms  of  many  of  them  are  such  as  no 
mere  crystalhzation  can  produce ; they  generally  (at  least  in  the 
earner  stage  of  their  formation)  possess  internal  cavities,  which 
contain  orgunic  matter;  and  the  calcareous  spicules,  whose 
inmeral  matter  can  be  really  dissolved  away  by  an  acid,  are 
found  to  have  a distinct  animal  basis.  Hence  it  seems  probable 
that  each  spicule  was  originally  a segment  of  sarcode,  which  has 
undergone  either  calcification  or  silificn.tlnn  • nud 


elaborate  Monograph,  “ Die  Kalkschwamme,”  Berlin,  1872. 
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'I'his  framework  laay  be  regarded  as  fundamentally  consisting  of 
an  arrangement  of  six-rayed  spicules,  the  extensions  of  which  come 
to  be,  as  it  were,  soldered  to  one  another  ; and  hence  the  group  is 
distinguished  as  hexiradiate.  Of  this  type  the  beautiful  Euplectdla 
of  the  Manilla  Seas — which  was  for  a long  time  one  of  the  greatest 
of  zoological  rarities,  but  which  now,  under  the  name  of  ‘ Venus’s 
dower-basket,’  is  a common  ornament  of  our  drawing-rooms — is 
one  of  the  most  characteristic  examples.  Another  example  is  pre- 
sented by  the  Holtenia  Carpenteri,  of  which  four  specimens,  dredged 
up  from  a depth  of  530  fathoms  between  the  Faroe  Islands  and  the 
North  of  Scotland,  were  among  the  most  valuable  of  the  ‘ treasures 
of  the  deej)’  obtained  during  the  first  Deep-sea  Exploration  (1808), 
carried  on  by  Sir  Wyville  Thomson  and  the  Author.  Tliis  is  a 
turnip-shaped  body,  with  a cavity  in  its  interior,  the  circular 
mouth  of  which  is  surrounded  with  a fringe  of  elongated  siliceous 
spicules  ; whilst  from  its  base  there  hangs  a sort  of  beard  of 
siliceous  threads,  that  extend  themselves,  sometimes  to  a length  of 
several  feet,  into  the  Atlantic  mud  (§  480)  on  which  these  bodies 
are  found.  The  framework  is  much  more  massive  than  that  of 
Eiiplectella,  but  it  is  not  so  exclusively  mineral ; for  if  it  be  boiled 
in  nitric  acid  it  is  resolved  into  separate  spicules,  these  being  not 
soldered  together  by  siliceous  continuity,  but  held  together  by 
animal  matter.  Besides  the  regular  hexiradiate  spicules,  there 
is  a remarkable  variety  of  other  forms,  which  have  been  fully  de- 
scribed and  figured  by  Sir  Wyville  Thomson.*  One  of  the  greatest 
features  of  interest  in  this  Holtenia,  is  its  singular  resemblance  to 
the  Ventriculites  of  the  Cretaceous  formation  (§  699).  Subse- 
quent investigations  have  shown  that  it  is  very  widely  difiused,  and 
that  it  is  only  one  of  several  Deep-sea  forms,  including  several  of 
singularly  beautifxd  structure,  which  are  the  existing  representatives 
of  the  old  Yentriculite  type.  One  of  these  was  previously  known, 
from  being  occasionally  cast-up  on  the  shore  of  Barbadoes  after  a 
storm.  Tills  Eictyocalyx  pumiceus  has  the  shape  of  a mushroom, 
the  diameter  of  its  disk  sometimes  ranging  to  a foot.  A small 
portion  of  its  reticulated  skeleton  is  a singtriaiiy  beautiful  object, 
when  viewed  with  incident  light  under  a low  magnifying  power. 

612.  With  the  exception  of  the  genus  82’>o')igilla,  all  known 
Sponges  are  marine  ; but  they  difi'er  very  much  in  habit  of  growth . 
For  whilst  some  can  only  be  obtained  by  dredging  at  considerable 
depths,  others  live  near  the  surface,  whilst  others  attach  them- 
selves to  the  surfaces  of  rocks,  shells,  &c.,  between  the  tide-marks. 
The  various  species  of  Grantia,  in  which,  of  aU  the  marine  Sponges, 
the  flagellate  zooids  can  most  readily  be  observed,  belong  to  tliis 
last  category.  They  have  a peculiarly  simple  structure,  each 
being  a sort  of  bag  whose  waU  is  so  thin  that  no  system  of  canals 
is  required ; the  water  absorbed  by  the  outer  surface  passing 

* See  his  elaborate  Memoir  in  “ Philos.  Transact.,”  1870 ; and  his  “Depths 
of  the  Sea”  (1872),  p.  71. 
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maHng  very  tUn  transverse  seo’UoL 

fleshy  substance,  can  be  demonstrated.  They  are  best  made  bv 
the  mibedchng  process  t§§  189.  190).-Iu  order  to  obtain  thespi,*, 
eitb^^-  if  condition  the  animal  matter  must  be  got5id-of 

eithei  by  incineration,  or  by  chemical  reagents.  The  lattm'  method 
IS  preferable,  as  it  is  difScult  to  free  the  mineral  residue  from  car 
bonaceous  particles  by  heat  alone.  If  (as  is  commonly  the  cSei 

lutriT'S-^  m-r®  Sponge  may  be  treated  wHh  strong 

lutnc  01  nitro-muriatic  acid,  until  its  animal  substance  is  rlif 

sSonT.7  notes''''  calcareous,  a str^g 

solution  of  potass  may  be  employed  instead  of  the  acid  Idie 

peration  is  more  rapidly  accomplished  by  the  aid  of  heat  • but  if 

the  saving  of  time  be  not  of. importance,  it  is  preferable  on  sever^ 

accounts  to  dispense  with  it.  The  spicules,  Vhen  obtained  in  a 

separate  state,  should  be  mounted  in  Canada  balsam  — Sponge- 

cSeedT^  distinctly  recognized  in  sections  of  Agate 

.stated  heSto  (I  6^  conoretiopa,  as  ,vill  be  more  fully’ 


Zoophytes. 


the  general  designation  Zoophytes  it  will  be  still  con- 
enient  to  group  those  animals  which  form  composite  skelefnuq 

^ plant-like  character  ; associating 

mth  them  the  Acalepljs,  which  are  now  known  to  he  tlS  ‘ seS 
zooids  of  Polypes  (§  618) ; but  excluding  the  Polyzoa  (Chap  xv  ) 
on  account  of  their  truly  Molluscoid  structure,  notwit  Wndini 
their  Zoophytic  forms  and  habits  of  life.  The  animals  belonainf 

™af™LTTOTr3911  «P01  the  primftivf 

Srfr  gastric  cavity  (though  sometimes 

extending  itself  almost  indefinitely)  being  lined  bf  the  oSS 

ejirfodei  m,  and  their  surface  being  covered  by  the  original  ectoderm  ■ 
and  these  two  lamella  not  bemg  separated  by  the  mterposition  of 
any  body-cavity  or  ccelom.  It  is  a fact  of^eat  in^^ 
although  the  product  of  the  development  of  a LrulX  hlTe’ a dis 
tmctlym<Hviduahzed  Polype,  in  which  several  m^Uy  SeTendent 

^eto  Zcl  oF  ?h  parts  stS^ 

^retain  much  of  their  independent  Protozoic  life;  which  is  maui 
1 fated  m two  very  remarkable  modes,  lu  the  first  place  the 

4m,d^  out“  ™e  r“  1^®  cells,  whmh 

ntmev  bP  u prolongations  into  its  cavity,  by  whose 

•agency  (it  maybe  pretty  certainly  afBrmed)  thenutrieitmLrialia 
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first  introduced  into  the  body-substance.  Tliis  was  first  noticed  by  [| 
Prof.  Allman  in  the  beautiful  Hydroid  polype  Myriotkehi  ;*  the  like 
has  been  since  shown  by  Mr.  .Tefi'ery  Parker  to  be  true  of  the  ordinary 
IZi/dra  ;t  and  Prof.  E.  Eay  Laukester  has  made  the  same  observa- 
tion upon  the  curious  little  Medusa  lately  found  in  a fresh-water 
tank.J  (It  may  bo  mentioned  in  this  connexion,  that  Metschnikolf 
has  seen  the  colls  which  line  the  aliinentary  canal  of  the  lower 
Planarian  worms  gorging  themselves  Avith  coloured  food-particles, 
exactly  in  the  manner  of  AmaihcB).—Th.e  second  ‘ survival’  of  | 
Protozoic  independence  is  shoAvn  in  the  extraordinaij  poAver  pos- 
sessed by  Jl'ijdra,  Actinia.,  &c.,  to  reproduce  the  entire  organism 
from  a mere  fragment  (§  516).— This  great  division  includes  the  two  | 

principal  groups,  the  Hydbozoa  and  the  Actino/.oa  ; the  former  ■ 

comprehending  the  Poly2^es,  and  the  latter  the  Ano'inonies.  In  the  { 

Hydrozoa  there  is  no  sei^aration  between  the  digestive  cavity  and  | 

the  external  body -wall ; and  the  reproductive  organs  are  external.  j 

In  the  Actinozoa  the  wall  of  the  digestive  sac  is  separated  from  j 

tbe  external  body-wall  by  an  intervening  space,  which  communi-  > 

cates  Avith  it,  and  must  be  regarded  as  an  extension  of  it ; and  this  j 

is  subdivided  into  chambers  by  a series  of  vertical  partitions,  to 
which  the  reproductive  organs  are  attached.-— As  most  of  the  [ 
Hydrozoa  or  Hydroid  Polypes  are  essentially  Microscopic  animals,  ■- 
they  need  to  be  described  Avith  some  minuteness  ; whilst  in  regard  ; ' 
to  the  Actinozoa  those  points  only  will  be  dwelt-on,  whicb  are  of  ' 

special  interest  to  the  Microscopist.  _ <•  v i 

' 514.  Hydbozoa. — The  type  of  this  group  is  the  Hydra  or  fresh- 
water polype,  a very  common  inhabitant  of  pools  and  ditches,  where 
it  is  most  commonly  to  be  found  attached  to  the  leaves  or  stems  of 
aquatic  plants,  ^floating  pieces  of  stick,  &c.  Tavo  species  are 
common 'in  this’  country,  the  E.  viricUs  or  green  Polype,  and  the 
H.  vulgaris,  Avhich  is  usually  orange-brown,  but  sometimes  yellowish 
or  red  (its  colour  being  liable  to  some  variation  according  to  the  | 
nature  of  the  food  on  which  it  has  been  subsisting) ; a third  less  , 
common  species,  the  E.  fusca,  is  distinguished  from  both  the  pre- 
ceding by  the  length  of  its  tentacles,  which  in  the  former  are 
scarcely  as  long  as  the  body,  whilst  in  the  latter  they  aie,  when 
fully  extended,  many  times  longer  (Fig.  354).  The  body  of  the 
Hydra  consists  of  a simple  bag  or  sac,  which  may  be  regarded  as  a 
stomach,  and  is  capable  of  varying  its  shape  and  dimensions  in  a 
very  remarkable  degree ; sometimes  extending  itself  in  a straight  hne 
so  as  to  form  a long  narrow  cylinder,  at  other  timp  being  seen  (when 
empty)  as  a minute  contracted  globe,  Avhilst,  if  distended  AAuth  food, 
it  may  present  the  form  of  an  inverted  flask  or  bottle,  or  even  of  a 
button.  At  the  upper  end  of  this  sac  is  a central  opening,  the 
mouth  ; and  this  is  surrounded  by  a circle  of  tentacles  or  ‘ arms, 
usually  from  six  to  ten  in  number,  which  are  arranged  with  great 

* “ Philos.  Transact.,”  1875,  p.  552. 
f “ Proceed,  of  Eoy.  Soc.,”  Vol.  xxx.  (1880),  p.  Gl. 
t “ Quart.  Journ.  Microsc.  Sci.,”  H.S.,  Vol.  xx.  (1880), p.  371.  j 
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regularity  around  the  orifice.  The  body  is  prolonged  at  its  lower 
end  into  a narrow  base,  ivliich  is  furnished  with  a'  suctorial  disk  ■ 
and  the  Hydra  usually  attaches  itself  by  this,  while  it  allows  its 
tendril-like  tentacles  to 


Fig, 354. 


float  freely  in  the  water. 

The  wall  of  the  body  is 
composed  of  cells  imbedded 
in  sarcode-substance ; and 
between  its  two  layers 
there  is  a space  chiefly 
occupied  by  undifferentiated 
sarcode, having  many  ‘vacu- 
oles’ or  ‘lacunie’  (which 
often  seem  to  communicate 
with  one  another)  excavated 
in  its  substance.  The  arms 
are  made-up  of  the  same 
materials  as  the  body  : but 
their  surface  is  beset  with 
little  wart-like  prominences, 
which,  when  carefully  exa- 
mined, are  found  to  be  com- 
posed of  clusters  of  ‘thread- 
cells,’  having  a single  large 
cell  with  a long  spiculum 
in  the  centre  of  each.  The 
structure  of  these  thread- 
cells  or  ‘ ui-ticating  organs’ 
will  be  described  hereafter 
(§  528) ; at  present  it  will 
be  enough  to  point-out  that 
this  apparatus,  repeated 
many  times  on  each  ten- 
tacle, is  doubtless  intended 
to  give  to  the  organ  a great 
prehensile  power;  the 
minute  filaments  forming 
rough  surface  adapted 
to  prevent  the  object  from 
readily  slipping  out  of 
the  grasp  of  the  arm, 

-vhilst  the  centra,!  spicule  or  ‘ dart’  is  projected  into  its  substance, 
orobably  conveying  into  it  a poisonous  fluid  secreted  by  a vesicle 
;..t  its  base.  The  latter  inference  is  founded  upon  the  oft-re- 
leated  observation,  that  if  the_  living  prey  seized  by  the  tentacles 
lave  a body  destitute  of  hard  integument,  as  is  the  case  with  the 
lunute  aquatic  Worms  which  constitute  a large  part  of  its  aliment, 
;hi8  speedily  dies,  even  though,  instead  of  being  swallowed,  it 
scapes  from  their  grasp;  whilst,  on  the  other  hand,  minute 

n K 2 


Hydra  fusca,  with  a youug  bud  at  5,  and  a 
more  advanced  bud  at  c. 
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Entomostraca,  Insects,  and  other  animals  with  hard  envelopes,  may 
esca^  withont  injury,  even  after  having  been  detained  for  some 
time  in  the  polype’s  embrace.  The  contractility  of  the  tentacles 
(the  interior  of  which  is  traversed  by  a canal  that  communicates 
mth  the  cavity  of  the  stomach)  is  very  remarkable,  especially  in 
+>ip  TTnidra  fiosca  • whose  arms,  when  extended  in  search  of  prey, 
S:  ov  eighUches  in  f « they  ere 

sometimes  so  contracted,  when  the  Hv  me^ 

to  annear  onlv  like  little  tubercles  around  its  entrance.  J3y  means 
of  Ee  inXLents  the  Hydra  is  enabled  to  draw  it^  suport  from 
animals  whose  activity,  as  compared  with  its  own  spht  pwerpf 
locomotion,  might  have  been  spposed  to  f 

fvn-m  its  reach-  for  when,  in  its  movements  througlphe  wato,  a 
minute  Worm  or  a Water-flea  happens  to  touch  one  of  the  tentacles 
of  the  Polype,  spread-out  as  these  are  in  readiness  for  prey,  it  . 
immediately  seized  by  this,  other  arins  are 

and  the  unfortunate  victim  is  speedily  conveyed  to  the  stomach, 
within  which  it  may  frequently  be  seen  to  continue  mpng  o 
some  little  time.  Soon,  however,  its  struggles  cease,  and  its  outhne 
is  obscured  by  a turbid  film,  which  gradually  thickens,  so  that  at 
iLt  L form  IS  wholly  lost.  The  soft  parts  are  soon  completely 
dissolved  and  the  liarLr  indigestible  portions  are  f 
the  mouth  A second  orifice  has  been  obserpd  at  the  lowe; 

Stremity  of  the  stomach;  but  this  S”disie  of 

nprlv  regarded  as  anal,  since  it  is  not  used  for  the  discharge  oi 

m-dinarv  mode  of  reproduction  in  this  animal  is  by  a 
, “n  the  yo.mg 

the  same  condition-— the  ptraordinary  iuniber  of  parts 

retain  it,  vitality,  and  ^ve 
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Fig.  355. 


origin  to  a new  and  entire  fabric  ; so  th.aitUHy  or  forty  individuals 
rnay  be  formed  by  tbe  section  of  one. — The  Hydra  also  propagates 
itself,  however,  by  a truly  sexual  process ; the  fecundating 
apparatus,  or  vesicle  producing  ‘ sj)erm-cells,’  and  the  ovum 
(containing  the  ‘ germ-cell,’ 
imbedded  in  a store  of  nutri- 
ment adapted  for  its  early 
development)  being  both 
evolved  in  the  substance  of 
the  walls  of  the  stomach — 
the  male  apparatus  forming 
a conical  projection  just  be- 
neath the  arms,  while  the 
female  ovary,  or  portion  of 
the  body-substance  in  which 
the  ovum  is  generated,  has  , 
the  form  of  a knob  protrud- 
ing from  the  middle  of  its 
length.  It  would  appear  that 
sometimes  one  individual 
Hydra  developes  only  the 
male  cysts  or  sperm  - cells, 
while  another  developes  only 
the  female  cysts  or  ovisacs 


but  the  general  rale  seems 
to  be  that  the  same  indivi- 
dual forms  both  organs.  The 
fertilization  of  the  ova,  how- 
ever, cannot  take-place  until 
after  the  ru23ture  of  the  sper- 
matic cyst  and  of  the  ovisac, 
by  which  the  contents  of 
both  are  set  entirely  free 
from  the  body  of  the  pa- 
rent. — The  autumn  is  the 

chief  time  for  the  development  of  the  sexual  organs ; but 
they  also  present  themselves  in  the  earlier  part  of  the  year, 
chiefly  between  April  and  July.  According  to  Ecker,  the 
eggs  of  R viridis  produced  early  in  the  season,  run  their* 
course  in  the  summer  of  the  same  year;  while  those  produced 
m the  _ autumn,  pass  the  winter  without  change.  When  the 
ovum  IS  nearly  ripe  for  fecundation,  the  ovary  bursts  its  ecto- 
dermal covering,  and  remains  attached  by  a kind  of  pedicle.  It 
seems  o be  at  this  stage  that  the  act  of  fecundation  occurs ; a 
V ry  strong  elastic  shell  or  capsule  then  forms  round  the  ovum, 
the  surface  of  which  is  in  some  cases  studded  with  spine-Hkc 
poin  3,  in  others  tuberculated,  the  divisions  between  the  tubercles 

ovum  finally  drops  from  its  pedicle,  and 
attaches  itself  by  means  of  a mucous  secretion,  till  the  hatching  of 


Hydra  fusca 
b,  base ; c, 


in  gemination  ; a,  mouth ; 
origin  of  one  of  the  buds. 
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tlie  young  Hydra,  which  conies  forth  provided  with  four  rudimen- 
tary tentacles  like  hnds. — The  Hydra  possesses  the  power  of  free 
locomotion,  being  able  to  remove  from  the  spot  to  which  it  has 
attached  itself,  to  any  other  that  may  be  more  suitable  to  its  wants  ; 
its  changes  of  place,  however,  seem  rather  to  be  performed  under 
the  influence  of  light,  towards  which  the  Hydra  seeks  to  move  itself, 
than  with  reference  to  the  search  after  food.* 

516.  The  Go7npound  Hijdroids  may  be  likened  to  a Hydra  whose 
gemmm,  instead  of  becoming  detached,  remain  permanently  con- 
nected with  the  parent ; and  as  these  in  their  turn  may  develope 
gemmae  from  their  own  bodies,  a structure  of  more  or  less 
arborescent  character,  termed  a polypary,  may  be  produced.  The 
form  which  tliis  wiU  present,  and  the  relation  of  the  component 
polypes  to  each  other,  will  depend  upon  the  mode  in  which  the 
gemmation  takes-place : in  all  instances,  however,  the  entire  cluster 
is  produced  by  continuous  growth  from  a single  individual ; and  the 
stomachs  of  the  several  polypes  are  united  by  tubes,  which  proceed 
from  the  base  of  each,  along  the  stalk  and  branches,  to  communicate 
with  the  cavity  of  the  central  stem.  Whatever  may  be  the  form 
taken  by  the  stem  and  branches  constituting  the  polypary  of  a 
Hydroid  colony,  they  will  be  found  to  be,  or  to  contain,  fleshy  tubes 
having  two  distinct  layers  ; the  inner  (endoderm)  having  nutritive 
functions  ; the  outer  (ectoderm)  usually  secreting  a hard  cortical 
layer,  and  thus  giving  rise  to  fabrics  of  vaiioiis  fonns.  Between 
these  a muscular  coat  is  sometimes  noticed.  The  fleshy  tube, 
whether  single  or  compound,  is  called  a ccenosarc  ; and  through  it 
the  nutrient  matter  circulates.  The  ‘ zooids,’  or  individual  mem- 
bers of  the  colony,  are  of  two  kinds : one,  the  poZypffe,  or  alimentary 
zooid,  resembling  the  Hydra  in  essential  structure,  and  more  or 
less  in  aspect ; the  other,  the  gonozooid,  or  sexual  zooid,  developed 
at  certain  seasons  only,  in  buds  of  particular  shape. 

517.  The  simplest  division  of  the  Hydroida  is  that  adopted  by 
Mr.  Hincks,t  who  groups  them  under  the  sub-order  Athecata  and 
Thecata,  the  latter  being  again  divided  into  the  Tliecaphora  and 
the  Gymnochroa.  In  the  first,  neither  the  ‘ polypites’  nor  the  sexual 
zooids  bear  true  protective  cases  ; in  the  second,  the  polypites  are 
lodged  in  cells,  or,  as  Mr.  Hincks  prefers  to  call  them,  calycles, 
many  of  which  resemble  exquisitely  formed  crystal  cups,  variously 
ornamented,  and  sometimes  furnished  with  lids  or  opercula ; in  the 
third,  which  contains  the  Hydras,  there  is  no  polypary,  and  the 
reproductive  zooids  (gonozooids)  are  always  fixed  and  developed  in 
the  body- walls.  According  to  Mr.  Hincks,  the  two  sexes  are  some- 
times borne  on  the  same  colony,  but  more  commonly  the  zoophyte 

* A very  full  account  of  the  structure  and  development  of  Hydra  has 
recently  been  published  by  Kleiuonberg;  of  whose  admirable  Monograph  a 
summary  is  given  by  Prof.  Allman,  with  v.aluable  remarks  of  his  own,  in 
“ Quart.  Journ.  Microsc.  Sci.,”  N.S.,  Vol.  xiv.  (1874),  p.  1.  8ee  also  the  important 
Paper  by  Mi\  Jeffery  Parker  already  cited. 

t “History  of  British  Hydroid  Zoophytes,”  18G8. 
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is  dioecious.  The  cases,  hiowever,  are  much,  less  rare  than  has 
been  supposed,  in  which  both  male  and  female  are  mingled  on  the 
same  shoots.  The  sexual  zooids  either  remain  attached,  and  dis- 
charge their  contents  at  maturity,  or  become  free  and  enter  upon 
an  independent  existence.  The  free  forms  nearly  always  take  the 
shape  of  Mecluscs  (jelly-fish),  swimming  by  rhythmical  contractions 
of  their  bell  or  umbrella.  The  digestive  cavity  is  in  the  handle 
(manubrium)  of  the  bell ; and  the  generative  elements  (sperm-cells 
or  ova)  are  developed  either  between  the  membranes  of  the  manu- 
brium, or  in  special  sacs  in  the  canals  radiating  from  it.  The 
ova,  when  fertilized  by  the  sj)ermatozoa,  undergo  ‘ segmentation’ 
according  to  the  ordinary  type  (§  581),  the  whole  yolk-mass  sub- 
dividing successively  into  2,  4.  8,  16,  32  or  more  parts,  until  a 
“mulberry  mass’  is  formed;  this  then  begins  to  elongate  itself,  its 
surface  being  at  first  smooth,  and  showing  a transparent  margin, 
but  afterwards  becoming  clothed  with  cilia,  by  whose  agency  these 
little  plajiulce,  closely  resembling  ciliated  Infusoria,  first  move 
about  within  the  capsule,  and  then  swim  forth  freely  when  liberated 
by  the  opening  of  its  mouth.  At  this  period  the  embryo  can  be  made 
out  to  consist  of  an  outer  and  an  inner  layer  of  cells,  with  a hollow 
interior ; after  some  little  time  the  cilia  disappear,  and  one  extre- 
mity becomes  expanded  into  a kind  of  disk  by  which  it  attaches 
itself  to  some  fixed  object ; a mouth  is  formed,  and  tentacles  sprout 
forth  ai'oundit;  and  the  body  increases  in  length  and  thickness, 
so  as  gradually  to  acquire  the  likeness  of  one  of  the  parent 
polypes,  after  which  the  ‘ polypary’  characteristic  of  the  genus 
is  gradually  evolved  by  the  successive  development  of  j^olype- 
buds  from  the  first-formed  polype  and  its  subsequent  offsets. — 
The  Meduste  of  these  polypes  (Fig.  358)  belong  to  the  division 
called  ‘ naked-eyed,’  on  account  of  the  (supjDosed)  eye-spots 
usually  seen  surrounding  the  margin  of  the  bell  at  the  base  of  the 
tentacles. 

518.  A characteristic  example  of  this  production  of  Medusa-lilve 
‘ gonozooids’  is  presented  by  the  form  termed  Syncoryne  Sarsil 
(Ifig.  356)  belonging  to  the  sub-order  AtJiecata.  At  a is  shown  the 
alimentary  zooid,  or  polypite,  with  its  tentacles,  and  at  b the 
.successive  stages  a,  h,  c,  of  the  sexual  zooids,  or  medusa-buds. 
When  sufficiently  developed,  the  medusa  swims  away,  and  as  it 
grows  to  maturity  enlarges  its  manubrium,  so  that  it  hangs  below 
the  bell.  The  medusas  of  the  genus  Syncoryne  (as  now  restricted) 
have  the  form  named  Sarsia  in  honour  of  the  Swedish  naturalist 
bars.  Their  normal  character  is  that  of  free  swimmers  ; but  Agassiz 
ascertained  that  in  some  cases,  towards  the  end  of  the  breeding 
season,  the  sexual  zooids  remain  fixed,  and  mature  their  products 
while  attached  to  the  zoophyte.*  This  condition  of  the  sexual 
zooids  is  very  common  amongst  the  Hydroida  ; and  various  iuter- 
mediate  stages  may  be  traced  in  different  genera,  between  the 


* ITincks,  cp,  cif.,  ji.  40. 
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mode  in  wliic}!  tlie  gonozooids  are  iDroduced  in  the  common  Hydra, 
already  described,  and  that  of  Syncoryne.  In  Tuhnlaria  the 


as 


t j ^ 

swimming  bells, 


having 


Fig.  SoG. 


gonozooids,  though  permanently  attached,  are  furnished  with 

four  tubercles  representing  marginal 
tentacles.  A common  and 
interesting  species  Tuhn- 
laria indivisa  receives  its 
specific  name  from  the  infre- 
quency with  which  branches 
are  given-off  from  the  stems, 
these  for  the  mostpart  stand- 
ing erect  and  parallel,  hke 
the  stalks  of  corn,  upon  the 
base  to  which  they  are 
attached.  This  beautiful 
Zoophyte,  which  sometimes 
grows  between  the  tide-marks, 
but  is  more  abundantly  ob- 
tained by  dredging  in  deep 
water,  often  attains  a size 
which  renders  it  scarcely  a 
microscopic  object ; its  stems 
being  sometimes  no  less  than 
a foot  in  height  and  a fine 
in  diameter.  Several  curious 
phenomena,  however,  are 
brought  into  view  by  Micro- 
scopic examination.  The 
Polype-stomach  is  connected 
with  the  cavity  of  the  stem 
by  a circular  opening,  which 
is  surrounded  by  a sphincter; 
and  an  alternate  movement 
of  dilatation  and  contraction 
takes-place  in  it,  fluid  being 
apparently  forced  - up  from 
below,  and  then  expelled 
again,  after  wliich  the 
sphincter  closes  in  prepara- 
tion for  a recurrence  of  the 
operation ; this,  as  observed 
by  Mr.  Lister,  being  repeated 
at  intervals  of  eighty  seconds. 
Besides  the  foregoing  movement,  a regular  flow  of  fluid,  carrying 
with  it  solid  particles  of  various  sizes,  may  be  observed  along  the 
whole  length  of  the  stem,  passing  in  a somewhat  spiral  direction.-— 
It  is  worthy  of  mention  here,  that  when  a Tubularia,  is  kept 
in  confinement,  the  polyiie-heads  almost  always  drop-off  after  a 
few  days,  but  are  soon  renewed  again  by  a new  growth  from  tlie 


Development  of  Medusa-buds  in  Syn- 
co)~yne  Sarsii: — A,  an  ordinary  polype, 
with  its  club-shaped  body  covered  vdth 
tentacles : — B,  a polype  putting  forth 
Medusoid  gemmce ; a,  a very  young  bud ; 
h,  a bud  more  advanced,  the  quadrangular 
form  of  which,  with  the  four  nuclei  whence 
the  ciirhi  afterwards  spring,  is  shown  at 
d ; c,  a bud  still  more  advanced. 


a 


new  growth 
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stem  beneatli ; and  this  exuviation  and  regeneration  may  take  place 
many  times  in  the  same  individual.* 

519.  It  is  in  the  Families  Gampanularida  and  Sertularida 
(whose  polyparies  are  commonly  known  as  ‘ coralHnes’),  that  the 
horny  branching  fabi-ic  attains  its  completest  development ; not 
only  affording  an  investment  to  the  stem,  but  forming  cups  or 
cells  for  the  protection  of  the  ijolypites,  as  well  as  capsules  for  the 
reproductive  gonozooids.  Both  these  famihes  thus  belong  to  the 
Sub-order  Thecata.  In  the  Gampanularida  the  polype-cells  are 
c:impanulate  or  bell-shaped,  and  are  borne  at  the  extremities  of 
ringed  stalks  (Plate  xx.,  c);  in  the  Sertularida,  on  the  other  hand, 
the  polype-cells  he  along  the  stem  and  branches,  attached  either  to 
one  side  only,  or  to  both  sides  (Fig.  357).  In  both,  the  general 
structiu'e  of  the  individual  polyjjes  (Plate  xx.,  d)  closely  corresponds 
with  that  of  the  Hydra ; and  the  mode  in  which  they  obtain  their 
food  is  essentially  the  same.  Of  the  products  of  digestion,  however, 
a portion  finds  its  way  down  into  the  tubular  stem,  for  the  nourish- 
ment of  the  general  fabric ; and  very  much  the  same  kind  of 
circulatoiy  movement  can  be  seen  in  Gampamdaria  as  in  Tubularia, 
the  circulation  being  most  vigorous  in  the  neighbourhood  of  growing 
parts.  It  is  from  the  ‘ coenosarc’  (/)  contained  in  the  stem  and 
branches,  that  new  polype-buds  (5)  are  evolved  ; these  carry  before 
them  (so  to  speak)  a portion  of  the  horny  integument,  which  at 
first  completely  invests  the  bud;  but  as  the  latter  acquires  the 
organization  of  a polype,  the  case  thins  away  at  its  most  prominent 
part,  and  an  opening  is  formed  through  which  the  young  polype 
protrudes  itself. 

520.  The  origin  of  the  reproductive  capsules  or  ‘ gonothecae’  (e)  is 
exactly  similar ; but  their  destination  is  very  ditierent.  Within 
them  are  evolved,  by  a budding  process,  the  generative  organs  of 
the  Zoophyte ; and  these  in  the  Gampanularida  may  either 
develope  themselves  into  the  form  of  independent  Medusoids, 
which  completely  detach  themselves  from  the  stock  that  bore 
them,  make  their  way  out  of  the  capsule,  and  swim-forth  freely,  to 
mature  their  sexual  products  (some  developing,  sperm-cells,  and 
others  ova),  and  give  origin  to  a new  generation  of  polypes  ; or,  in 
case.s  in  which  the  Aledusoid  structure  is  less  distinctly  pronounced, 
may  not  completely  detach  themselves,  but  (like  the  fiower-buds  of 
a Plant)  expand  one  after  another  at  the  mouth  of  the  capsule, 
withering  and  dropping-oft’  after  they  have  matured  their  genera- 
tive products.  _ In  the  Serhdarida,  on  the  other  hand,  the  Medusan 
conformation  is  wanting,  as  the  gonozooids  are  always  fixed ; the 
reproductive  cells  (Fig.  357,  a),  which  were  shown  by  Prof.  Edward 
Forbes  to  be  really  metamorphosed  branches,  developing  in  their 
interior  certain  bodies  which  were  formerly  supposed  to  be  ova,  but 
which  are  now  ^known  to  be  ‘ medusoids’  reduced  to  their  most 
rudimentary  condition.  Within  these  are  developed, — in  separate 

* The  British  Tuhularkla  form  the  subject  of  a most  complete  and  beautiful 
Monograph  by  Prof.  Allmau,  published  by  the  Ray  Society. 
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gonotlieca3,  sometimes  perhajDs  on  distinct  polyparies, — sper- 
matozoa and  ova ; and  the  latter  are  fertilized  by  the  entrance  of 

the  former  whilst  still 
contained  within  their 
capsules.  The  ferti- 
lized ova,  whether  pro- 
duced in  free  or  in  at- 
tached medusoids,  de- 
velope  themselves  in 
the  first  instance  into 
ciliated  ‘ gemmules,’ 
which  soon  evolve 
themselves  into  true 
polypes,  from  ever}-^ 
one  of  which  a new 
composite  polypary 
may  spring. 

621.  There  are  few 
parts  of  our  coast 
which  will  not  suppl}- 
some  or  other  of  the 
beautiful  and  inte- 
resting forms  of  Zoo- 
phytic  hfe  which  have 
been  thus  briefly  no- 
ticed, without  any 
more  .trouble  in  search- 
ing for  them  than  that 
of  examining  the  sur- 
faces of  rocks,  stones, 
sea-weeds,  and  dead 
shells  between  the 
tide-marks.  Many  of 
1 others  are  frequently 
cast-up  by  the  waves  from  the  deeper  waters,  especially  after  a 
storm.  Many  kinds,  however,  can  only  be  obtained  by  means  of 
the  dredge.  For  observing  them  during  their  Hving  state,  no  means 
is  so  convenient  as  the  Zoophyte-trough  (§  124). — -In  mountiug 
Compound  Hydrozoa,  as  well  as  Polyzoa,  it  wiU  be  found  of  great 
advantage  to  place  the  specimens  alive  in  the  cells  they  are 
permanently  to  occupy,  and  to  then  add  Osmic  acid  drop  by  drojj 
to  the  sea-water ; this  has  the  effect  of  causing  the  protrusion  of 
the  animals,  and  of  rendering  their  tentacles  rigid.  The  hquid  may 
be  withdrawn,  and  replaced  by  Goadby’s  solution,  Deane’s 
Gelatine,  Glycerine  jelly,  weak  Spirit,  diluted  Glycerine,  a mixture  of 
Spirit  and  Glycerine  with  sea-water,  or  any  other  menstruum,  by 
means  of  the  Syringe ; and  it  is  well  to  mount  si^ecimens  in 
several  different  menstrua,  marking  the  nature  and  strength  of 
each,  as  some  forms  are  better  preserved  by  one  and  some  by 


Fig,  357. 


SeHidaria  cupresshia : — A,  natural  size  ; 

B,  portion  maguilied. 

them  habitually  five  in  that  situation;  an 


ZOOPHYTIC  DEVELOPMENT  OF  MEDDSiE. 


619 


another.*  The  size  of  the  cell  must  of  course  he  proportioned  to  that 
of  the  object ; and  if  it  be  desired  to  mount  such  a specimen  as  may- 
serve  for  a characteristic  illustration  of  the  mode  of  growth  of  the 
species  it  represents,  the  large  shallow  cells,  whose  walls  are  made  by- 
cementing  four  strips  of  glass  to  the  plate  that  forms  the  bottom 
(§  174),  will  generally  be  found  preferable. — The  horny  polyparies 
of  the  SeHularicla,  when  mounted  in  Canada  balsam,  are  beautiful 
objects  for  the  Polariscope  ; but  in  order  to  prepare  them  success- 
fully, some  nicety  of  management  is  required.  The  following  are 
the  outhnes  of  the  method  recommended  by  Dr.  Grolding  Bird,  who 
very  successfully  practised  it : — The  specimens  selected,  which 
should  not  exceed  two  inches  in  length,  are  first  to  be  submitted, 
while  immersed  in  water  of  120°,  to  the  vacuum  of  an  air-pump. 
The  ebullition  which  will  take-place  within  the  cavities,  -will  have 
the  efiect  of  freeing  the  polyparies  from  dead  jDolypes  and  other 
animal  matter ; and  this  cleansing  process  should  be  repeated 
several  times.  The  specimens  are  then  to  be  dried,  by  first  draining 
them  for  a few  seconds  on  bibulous  paper,  and  then  by  submitting 
them  to  the  vacuum  of  an  air-pump,  within  a thick  earthenware 
ointment-pot  fitted  with  a cover,  which  has  been  previously  heated 
to  about  200° ; by  this  means  the  specimens  are  very  quickly  and 
completely  dried,  the  water  being  evaporated  so  quickly  that  the 
cells  and  -tubes  hardly  collapse  or  wrinkle.  The  specimens  are  then 
placed  in  camphine,  and  again  subjected  to  the  exhausting  process, 
for  the  displacement  of  the  air  by  that  liquid ; and  when  they  have 
been  thoroughly  saturated,  they  should  be  mounted  in  Canada 
balsam  in  the  usual  mode.  When  thus  prei>ai*ed,  they  become  very 
beautiful  transparent  objects  for 
low  magnifying  powers  ; and  they 
present  a gorgeous  display  of 
colours  when  examined  by  Polar- 
ized light,  with  the  interposition 
of  a plate  of  Selenite,  the  efiect 
being  much  enhanced  by  the  use  of 
Black-ground  illumination. 

622.  hlo  result  of  Microscopic 
research  was  more  unexpected  than 
the  discovery  of  the  close  relation- 
ship subsisting  between  the  Hy- 
droid  Zoophytes  and  the  Medusoid 

Acalephce  (or  ‘jelly-fish’).  We  Thaumantlas  pHosdla,  one  of  the 

now  know  that  the  small  free- 

T\/r  1 --111  • . tentacles;  b,  stomach;  c,  gastro- 

+V.  « Medusoids  belonging  to  vascular  canals,  liaving  the  ovaries, 

the  naked-eyed  ’ group,  of  which  d d,  on  either  side,  and  terminating 

I'hawniantias  (Pig.  358)  may  be  marginal  canal,  e e. 

taken  as  a representative,  are  really 

to  be  considered  as  the  detached  sexual  apparatus  of  the  Zoophytes 

in  “ Quart.  Journ.  of  Microsc.  Science,”  N.S.,Vol.  ii. 

p.  11b.  ’ ’ 


Fig.  358. 
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ITom  which  they  have  been  budded- off,  endowed  with  indepen- 
dent organs  of  nutrition  and  locomotion,  whereby  they  become 
capable  of  maintaining  their  own  existence  and  of  developing  their 
sexual  products.  The  general  confonnation  of  these  organs  will 
be  understood  from  the  accompanying  figure.  Many  of  this  group 
are  very  beautiful  objects  for  Mcroscopic  examination,  being  small 
enough  to  be  viewed  entire  in  the  Zoophyte-trough.  There  are 
few  parts  of  the  coast  on  which  they  may  not  be  found,  especially 
on  a calm  warm  day,  by  skimming  the  surface  of  the  sea  with  the 
Tow-net  (§  217) ; and  they  are  capable  of  being  stained  and  pre- 
served in  cells,  after  being  hardened  by  osmic  acid. 

523.  The  history  of  the  large  and  highly-developed  Medusae  or 
AcALEPHiE  which  are  commonly  known  as  ‘ jeUy-fish,’  is  essentially 
similar  ; for  their  progeny  have  been  ascertained  to  develope  them- 
selves in  the  first  instance  under  the  Polype-form,  and  to  lead  a fife 
which  in  all  essential  respects  is  zooph^tic  ; their  development  into 
Medusae  taking-place  only  in  the  closing  phase  of  their  existence, 
and  then  rather  by  gemmation  from  the  original  ^lolype,  than  by  a 
metamorphosis  of  its  own  fabric.  The  huge  Uhizostoma  found 
commonly  swimming  round  our  coasts,  and  the  beautiful  Chnjsaora 
remarkable  for  its  long  ‘furbelows’  which  act  as  organs  of  pre- 
hension, are  Oceanic  Acalephs  developed  from  very  small  polypites, 
which  fix  themselves  by  a basal  cup  or  disk.  The  embryo  emerges 
from  the  cavity  of  its  parent,  within  which  the  first  stages  of  its 
development  have  taken  place,  in  the  condition  of  a ciliated  ‘ gem- 
mule,’  of  rather  oblong  form,  very  closely  resembling  an  Infusory 
Animalcule,  but  destitute  of  a mouth.  One  end  soon  contracts 
and  attaches  itself,  however,  so  as  to  form  a foot ; the  other  en- 
larges and  opens  to  form  a mouth,  four  tubercles  sprouting  around 
it,  which  grow  into  tentacles ; whilst  the  central  cells  melt-down 
to  form  the  cavity  of  the  stomach.  Thus  a Hydra-like  polype  is 
formed,  which  soon  acquires  many  additional  tentacles ; and  this, 
according  to  the  observations  of  Sir  J.  G.  Dalyell  on  the  Hydra 
tuba,  which  is  the  polype-stage  of  the  Ghrysaora,  leads  in  every 
important  particular  the  life  of  a Hydra ; propagates  like  it  by 
repeated  gemmation,  so  that  whole  colonies  are  formed  as  offsets 
from  a single  stock  ; and  can  be  multiplied  like  it  by  artificial 
division,  each  segment  developing  itself  into  a perfect  Hydra. 
There  seems  to  be  no  definite  limit  to  its  continuance  in  this  state, 
or  to  its  power  of  giving  origin  to  new  polype-buds  ; but  when  the 
time  comes  for  the  development  of  its  sexual  gonozooids,  the  polyi^e 
quits  its  original  condition  of  a minute  bell  with  slender  tentacles 
(Fig.  359,  c,  a),  assumes  a cylindrical  form,  and  elongates  itself 
considerably ; a constriction  or  indentation  is  then  seen  around  it, 
just  below  the  ring  which  encircles  the  mouth  and  gives  ongin  to 
the  tentacles ; and  similar  constrictions  are  soon  rej)eated  round 
the  lower  parts  of  the  cylinder,  so  as  to  give  to  the  whole  body 
somewhat  the  aiDjDearance  of  a rouleau  of  coins  (Fig.  359,  a)  ; a sort 
of  fleshy  bulb,  a,  somewhat  of  the  form  of  the  original  polype,  being 
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Fig.  359. 


V 


siill  left  at  the  attached  extremity.  The  number  of  circles  is  in- 
definite, and  aU  are  not  formed  at  once,  new  constrictions  appear- 
ing below,  after  the  upper 
portions  have  been  de- 
tached ; as  many  as  30  or 
even  40  have  thus  been 
produced  in  one  speci- 
men. The  constrictions 
then  gradually  deepen,  so 
as  to  divide  the  cylinder 
into  a pile  of,  saucer-like 
bodies  ; the  division  being 
most  complete  above,  and 
the  upper  disks  usually 
presenting  some  increase 
in  diameter;  and  whilst 
this  is  taking  place,  the 
edges  of  the  disks  become 
divided  into  lobes  (b), 
each  lobe  soon  presenting 
the  cleft  with  the  sup- 
posed rudimentary  eje  at 
the  bottom  of  it,  which  is 
to  be  plainly  seen  in  the 
detached  Medusae  (Fig. 

360,  c).  Up  to  this  period, 
the  tentacles  of  the  origi- 
nal polype  surmount  the 
highest  of  the  disks  ; but 
before  the  detachment  of 
the  topmost  disk,  this 
circle  disappears,  and  a 
new  one  is  developed  at 
the_  summit  of  the  bulb 
which  remains  at  the  base 
of  the  pile  (c,  c).  At  last 
the  topmost  and  largest 
disk  begins  to  exhibit  a 
sort  of  convulsive 
struggle;  it  becomes  de- 
tached, and  swims  freely  away ; and  the  same  series  of  changes 
takes-place  from  above  downwards,  until  the  whole  pile  of  disks  is 
detached  and  converted  into  free-swimming  Medusee.  But  the 
original  polypoid  body  still  remains,  and  may  return  to  its  original 
polype-hke  mode  of  gemmation  (d,  e) ; becoming  the  progenitor 
of  a new  colony,  every  member  of  which  may  in  its  turn  bud-off 
a pile  of  Medusa-disks. 

6*^.  The  bodies  thus  detached  have  all  the  essential  characters 
of  the  adult  Medusca.  Each  consists  of  an  umbrella-Hke  disk, 


Successive  stages  A,  b,  c,  d,  of  development 
of  Chrysaora; — a,  elongated  and  constricted 
Polype-body;  6,  its  original  circle  of  ten- 
tacles;  c,  its  secondary  circle  of  tentacles  ; (/, 
proboscis  of  most  advanced  Medusa-disk;  e, 
polype-bud  from  side  of  polype-body. 
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divided  at  its  edge  into  a variable  number  of  lobes,  usually  eight ; 
and  of  a stomach,  wluch  occupies  a considerable  proportion  of  the 
disk,  and  projects  downwards  in  the  form  of  a proboscis,  in  the 
centre  of  which  is  the  quadrangular  mouth  (Fig.  360,  A,  b).  As 
the  animal  advances  toAvards  maturity,  the  intervals  betAveen  the 


Fig.  SCO. 


DeA'elopment  of  Chrysaora  from  Hydra  tuba : — A,  detaclied  indmdual 
viewed  sideways,  and  enlarged,  showing  the  proboscis  fl,  and  b the 
bifid  lobes  ; B,  individual  seen  from  above,  shoAving  the  bifid  lobes  of 
the  margin,  and  the  quadrilateral  mouth  ; C,  one  of  the  bifid  lobes  still 
more  enlarged,  shoAviug  the  rudimentary  eye  (?)  at  the  bottom  of  the 
cleft ; n,  group  of  young  Medusre,  as  seen  sAvimming  in  the  water,  of 
the  natural  size. 

segments  of  the  border  of  the  disk  gradually  fill-up,  so  that  the 
dmsions  are  obliterated : tubular  prolongations  of  the  stomach 
extend  themselves  over  the  disk  ; and  from  its  borders  there  sprout 
forth  tendril-like  filaments,  Avhich  hang  down  like  a fringe  around 
its  margin.  From  the  four  angles  of  the  mouth,  Avhich,  even  in  the 
youngest  detached  animal,  admits  of  being  gi'eatly  extended  and 
jirotruded,  prolongations  are  put  forth,  Avhich  form  the  four  large 
tentacles  of  the  adult.  The  young  Medusae  are  very  voracious, 
and  groAV  rapidly,  so  as  to  attain  a very  large  size.  The  Cyanem 
and  ClirysaorcB,  Avhich  are  common  all  round  oui’  coasts,  often  have 
a diameter  of  ffom  6 to  15  inch.es  ; while  the  A/iizosfonwx  sometimes 
reaches  a diameter  of  from  two  to  three  feet.  The  quantity  ot 
solid  matter,  hoAvever,  Avhich  their  fabrics  contain  is  extreine  y 
small.  It  is  not  until  adult  age  has  been  attained,  that  the  generative 
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organs  make  their  appearance,  in  foiir  chambers  disposed 
around  the  stomach,  which  are  occupied  by  plaited  membranous 
ribands  containing  sperm -cells  in  the  male  and  ova  in  the  female- 
and  the  embryoes  evolved  from  the  latter,  when  they  have  been 
fertilized  by  the  agency  of  the  former,  repeat  the  extraordinary 
cycle  of  phenomena  which  has  been  now  described,  developing 
themselves  in  the  first  instance  into  Hydroid  Polypes,  from  which 
Medusoids  are  subsequently  budded-olf. 

^ 525.  This  cycle  of  phenomena  is  one  of  those  to  which  the  term 
alternation  of  generations’  was  applied  by  Steenstrup,*  who 
brought  together  under  this  designation  a number  of  cases  in 
which  generation  a does  not  produce  a form  resembling  itself, 
but  a different  form,  b ; whilst  generation  b gives  origin  to  a forni 
which  does  not  resemble  itself,  but  returns  to  the  form  a,  from 
which  B itself  sprang.  It  was  early  pointed  out,  however,  by 
the  Author, that  the  term  ‘ alternation  of  generations’  does  not 
appropriately  represent  the  facts  either  of  this  case,  or  of  any  of 
the  other  cases  grouped  under  the  same  category : the  real  fact 
being  that  the  two  organisms,  a and  b,  constitute  two  stages  in 
the  life-history  of  one,  generation  ; and  the  production  of  one  form 
from  the  other  being  in  only  one  instance  by  a truly  generative 
j whilst  in  the  other  it  is  by  a process  of  germnation  or 

budding.  Thus  thQ  Mednsrs  of  both  orders  (the  ‘naked-eyed’  and 
the  ‘ covered-eyed’  of  Forbes)  are  detached  flower-buds,  so  to  speak 
of  the  Hydroid  Zoophytes  which  bud  them  off;  the  Zoophytic 
phase  of  life  being  the  mgst  conspicuous  in  such  Tliecata  as  Gam- 
pamdanda  and  Sertularida , whose  Medusa-buds  are  of  small  size 
and  simple  conformation,  and  not  unfrequently  do  not  detach 
themselves  as  independent  organisms ; whilst  the  Medusan  phase 
of  life  is  the  most  conspicuous  in  the  ordinary  Acalephs,  their 
Zoophytic  stage  being  passed  in  such  obscurity  as  only  to  be 
detected  by  careful  research. — The  Author’s  views  on  this  subject, 
which  were  at  first  strongly  contested  by  Prof.  E.  Forbes,  and 
other  eminent  Zoologists,  have  now  come  to  be  generally  adopted. 

526.  Actinozoa. — Of  this  group,  the  common  Sea-Anemonies  may 
be,  ta.ken  as  types  ; constituting,  with  their  allies,  the  order  Zoan- 
tliaria,^  or  Helianthoid  polypes,  which  have  numerous  tentacles  dis- 
posed in  several  rows.  Hext  to  them  come  the  Alcyonaria,  consisting- 
of  those  whose  polypes,  having  only  six  or  eight  broad  short  ten° 
tacles,  present  a star-like  aspect  when  expanded ; as  is  the  case 
with  various  composite  Sj)onge-like  bodies,  unpossessed  of  any  hard 
skeleton,  which  inhabit  our  own  shores,  and  also  with  the  Eed 
Coral  and  the_  Ttd)ipora  of  warmer  seas,  which  have  a stony 
skeleton  that  is  ^ internal  in  the  first  case  and  external  in  the 
second,  as  also  with  the  Sea-pens,  and  the  Gorgonice  or  Sea-fans. 
A third  order,  liugosa,  consists  of  fossil  Corals,  whose  stony 

• his  Treatise  on  “The  Alternation  of  Generations,”  i^ublished  by  the 
Bay  Society. 

t “ Brit,  and  For.  Mcd.-Chir.  Eeview,”  Vol.  i.  (1848),  p.  192,  et  seq. 
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polyparies  are  intermediate  in  clraracter  between  those  of  the  two 
preceding.  And  lastly,  the  Gtenoplwra,  free-swimming  gelatinous 
animals,  many  of  which  are  beautiful  objects  for  the  Microscope, 
are  by  most  Zoologists  ranked  with  the  Actinozoa. 

527.  Of  the  Zoantharia,  the  common  Actinm  or  ‘sea  anemone’ 
may  be  taken  as  the  type ; the  individual  polypites  of  all  the  com- 
j^osite  fabrics  included  in  the  group  being  constructed  upon  the 
same  model.  In  by  far  the  larger  proportion  of  these  Zoophytes, 
the  bases  of  the  polypites,  as  well  as  the  soft  flesh  that  connects 
together  the  members  of  aggregate  masses,  are  consolidated  by 
calcareous  deposit  into  stony  Corals ; and  the  surfaces  of  these 
are  beset  with  ‘ cells,’  usually  of  a nearly  circular  form,  each  having 
numerous  vertical  plates  or  lafiiellcB  radiating  from  its  ^ centre 
towards  its  circumference,  which  are  formed  by  the  consolidation 
of  the  lower  portions  of  the  radiating  partitions  that  divide  the 
space  intervening  between  the  stomach  and  the  general  integu- 
ment of  the  animal  into  separate  chambers.  This  arrangement 
is  seen  on  a large  scale  in  the  Fungio,  or  mushroom-coral  ^ of 
tropical  seas,  which  is  the  stony  base  of  a solitary  Anemone-like 
animal ; on  a far  smaller  scale,  it  is  seen  in  the  little  Caryopliyllia, 
a like  solitary  Anemone  of  our  own  coasts,  which  is  scarcely  dis- 
tinguishable from  an  Actinia  by  any  other  character  than  the 
presence  of  this  disk,  and  also  on  the  surface  of  many  of  those 
stony  corals  known  as  ‘ madrepores  whilst  in  sorae  of  these  the 
individual  polype-cells  are  so  small,  that  the  lamellated  arrange- 
ment can  only  be  made-out  when  they  are  considerably  magnified. 
Portions  of  the  surface  of  such  Corals,  or  sections  taken  at  a small 
depth,  are  very  beautiful  objects  for  low  powers,  the  foiuner  being 
viewed  by  reflected,  and  the  latter  by  transmitted  hght.  And  tlun 
sections  of  various  fossil  Corals  of  this  group  are^  very  striking 
objects  for  the  lower  powers  of  the  Oxy-hydrogen  Microscope.  _ 

528.  The  chief  point  of  interest  to  the  Microscopist,  however,  in 
the  structure  of  these  animals,  lies  in  the  extraordinary  abundance 
and  high  development  of  those  ‘filiferous  capsuks,  or  thread- 
cells  ’ the  presence  of  which  on  the  tentacles  of  the  Hydroid  polypes 
has  been  already  noticed  (§  514),  and  wliich  are  also  to  be  found, 
sometimes  sparingly,  sometimes  very  abundantly,  in  the  tentacles 
surrounding  the  mouth  of  the  Medusee,  as  well  as  on  other  parts  of 
their  bodies.  If  a tentacle  of  any  of  the  Sea-anemonie_s  so  abun- 
dant on  our  coasts  (the  smaller  and  more  transparent  kinds  bemg 
selected  in  preference)  be  cut-off,  and  be  siibjected  to  gentle  pres- 
sure between  the  two  glasses  of  the  Aquatic-box  or  the  Compres- 
sorium,  multitudes  of  little  dai-t-hke  organs  will  be  seen  to  project 
themselves  from  its  surface  near  its  tip ; and  if  the  pressure  be 
gradually  augmented,  many  additional  darts  will  every  moment 
come  into  view.  Not  only  do  these  organs  present  different 
forms  in  different  species,  but  even  in  one  and  the 

verv  strongly  marked  diversities  are  shown,  of  which  a few  ex- 
Imples  are  {/ven  in  Pig.  361.  At  a,  b,  c,  d,  is  shown  the  appearance 
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of  the  ‘filiferous  capsules,’  whilst  as  yet  the  thread  11p<3  i 
up  in  their  interior ; and  at  E,  f,  g n Ire  ^ 

striking  forms  which  they  “°st 

exhibit  when  the  thread  or  Fig.  sei 

dart  has  started-forth.  These 
thread-cells  are  found  not 
merely  in  the  tentacles  and 
other  parts  of  the  external 
integmnent  of  Actinozoa,  but 
also  in  the  long  filaments 
which  lie  in  coils  within  the 
chambers  that  surround  the 
stomach,  in  contact  with  the 
sexual  organs  which  are  at- 
tached to  the  lamellse  divi- 
ding the  chambers.  The  latter 
sometimes  contain  ‘ sperm - 
cells’  and  sometimes  ova,  the 
two  sexes  being  here  divided, 
not  united  in  the  same  indi- 
vidual.—What  can  be  the 
office  of  the  filiferous  fila- 
ments thus  contained  in  the 
interior  of  the  body,  it  is 
difficult  to  guess-at.  They 
are  often  found  to  protrude 
from  rents  in  the  external 
tegument,  when  any  violence 
has  been  used  in  detaching 
the  animal  from  its  base ; 
and  when  there  is  no  exter- 
nal rupture,  they  are  often 
forced  through  the  wall  of 
the  stomach  into  its  cavity, 
and  may  be  seen  hanging  out 
of  . the  mouth.  The  largest  of 
these  capsules,  in  their  un- 
state,  are  about 
l-300th  of  an  inch  in  length ; 
while  the  thread  or  dart,  in 
Govyncictis  AlhnaTini,  wheri 

fully  extended,  is  not  less 

than  l-8th  of  an  inch,  or  v_/ 

tmrty-geven  times  the  length  Fi'iifm'mio  n i r ^ 
of  its  capsule.*  C'owliS/?,  Actmozoal—k,  li, 

ch™terisfe  examiir  is  ■' 

Prif.XbiS.?ult“r  *'■“  Dovpnsbi...  Coast,-  and 

Qaallon,-  to  .•  Abbandl.  Natunv'.  Vereina  aS.&S"V.',X’  18or““ 
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Fig.  3G2. 


found  in  the  Alcyonium  digitatum  of  our  coasts;  a lobed  sponge-like 
mass,  covered  with  a tough  skin  ; which  is  commonly  known  under 
the  name  of  ‘ dead-man’s  toes,’  or  by  the  more  elegant  name  of  ‘mer- 
maids’ fingers.’  When  a specimen  of  this  is  first  torn  from  the 
rock  to  which  it  has  attached  itself,  it  contracts  into  an  unshapely 

mass,  whose  surface  presents  no- 
thing but  a series  of  slight  depres- 
sions arranged  with  a certain  re- 
gularity. But  after  beiag  im- 
mersed for  a httle  time  in  a jar  of 
sea-water,  the  mass  swells-out 
again,  and  from  everj  one  of 
these  depressions  an  eight-armed 
polype  is  protruded,  “ which  re- 
sembles a fiower  of  exquisite 
beauty  and  perfect  symmetry. 
In  specimens  recently  taken,  each 
of  the  petal-like  tentacula  is  seen 
with  a hand-glass  to  be  furnished 
with  a row  of  delicately-slender 
pinncB  or  filaments,  fringiug  each 
margin,  and  arching  onwards ; 
and  with  a higher  power,  these 
Spicules  of  and  Gor£^o?i/a.  pinnas  are  seen  to  be  roughened 

throughout  their  whole  length, 
with  numerous  prickljr  rings.  After  a day’s  captivity,  however, 
the  petals  shrink  u^i  into  short,  thick,  unshapely  masses,  rudely 
notched  at  their  edges”  (Gosse).  lYhen  a mass  of  this  sort  is 
cut-into,  it  is  found  to  be  channelled-out  somewhat  like  a Sponge, 

by  ramifying  canals ; the 
vents  of  which  open  into  the 
stomachal  cavities  of  the  po- 
lypes, which  are  thus  brought 
into  free  communication  with 
each  other, — a character  that 
especially  distinguishes  this 
Order.  A movement  of  fluid 
is  kept-uj)  within  these  canals 
(as  may  be  distinctly  seen 
through  their  transparent 
bodies)  by  means  of  ciha 
lining  the  internal  surfaces 
of  the  polypes ; but  no  ciha 
can  be  discerned  on  their 
external  surfaces.  The  tissue 
of  this  spongy  polypidom  is 
strengthened  throughout , like 
that  of  Sponges  (§  610),  with 
mineral  spicules  (aIways,how- 


Fig.  363. 


A,  Spicules  of  Gorgonia  giiUata. 
u,  Spicules  of  Muricia  dongata. 


SPICULES  OF  GOE.GONIA. — OYDIPPE.  qo- 

ever,  calcareous),  which  are  reinarknhlp  fr>v  +-u  i 

gnus;  these  are  disposed  with  great  elegance  of  their 

the  polypes,  and  even  extend  pfrt  of  tlfeiJ  the  bases  of 

bodies  In  the  Gorgonia  or  sSan  w St  t^ 
polypidom  IS  consolidated  into  a hornv 

clothes  this  axis  is  so  full  of  tuberculn^rl  o •’  which 

layer,  that,  when  this  toLp  they  f^^^^ 

friable,  that  it  may  beCsity  rubbed  do™  beW™  "o 

when  examined  with  the  Microscone  it  i«  f fingers,  and 

of  different  shapes  and  sS 
Figs.  362,  363,. sometimes  colourless  but 

cnmson,  yellow,  or  puriDle  These  snienlPQ  n ^ beautiful 

ground  murninLtioi  esiLiaUv  w£n  ' 

Microscope.  They  are  of  cS  7n  S Binocular 

substance  in  the  sLe  mannei  nftkp  ®®P'"’'^ted_from  the  animal 
{§  512) ; and  the^XSTS  mot  tefn  Sponges 

sam  The  spicules  always 

by  the  fact,  that  when  their  lime  id  proved 

gelatinous-looW  residuX S iS?  acid,  a 

spicule.  ° resiauum  is  left,  which  preserves  the  form  of  the 

comb^hSaiStTm7n7oTtt^  ^^^ed  from  the 

nient  of  which  the  bodies  of  tlipdp  nni  7 Pafidles,  by  the  move- 
beautaul  aud  not  utommt  I 

furnished  by  the  Gy  dime  mlev<^  (^?cr^RA\  o^'^ler  is 

as  the  Bero'e,  which  desianatinn  commonly  known 

another  animal  (Fig.  365) °of  the  san?7^^^5’  aj^pertains  to 

body  of  Gydi^pl  is  a of  organization.  The 

about  3-8ths  of  an  inch  in  diametei-  an^^f  ® g^gielly,  usually 
with  the  naked  eye,  to  be  marked’  observed,  even 

proceed  from  pole  to  pole  like  meridfa7^^^  bands,  which 

seen  with  the  hCcroscone  to  be  These  bands  are 

nients,  far  larger  than^  flattened  fila- 

aame  manner'  tber»oraS4  art  m,  *■!? 

another,  so  as  to  give  to  the  bodv  ova.  ' ^adependently  of  one 
sometimes  work  altoo-ether  If  Jht  ^ motion,  but 

them  when  they  are  In  activity  tbpl  T‘\'^^*  ^Pon 

descent  colours.  In  addition  to’  flip!  beautiful  iri- 

^^^gshed  with  a pair  of  long  tendril  pydifpe  is 

the  bottom  of  a piir  of  cavitif  s i?  tl.  p 7 filaments,  arising  from 
and  furnished  with  lateral  branches  ( ^ of  the  body, 

may  He  doubled-up  so  as  w tn  Ip they 
they  are  ejected,  Kh  often  and  when 

filaments  first  come-forth  and  th?  kff  suddenly,  the  main 
uncoil  themselves,  to  be  ^wnlX  tendrils  subsequently 

cavities  with  almost  equal  suddSinesX  ^ 

situated  at  one  of  the  coles  lepda  mouth  of  the  animal, 

by  four  folds  which  seem  to  reprSfnt  thf  cavity  bounded 

to  represent  the  oral  proboscis  of  the 
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ordinary  Medusaa  (Fig.  359) ; and  tliis  leads  to  the  true  stomach, 
which  passes  towards  the  opposite  pole,  near  to  which  it  bifurcates, 

Fig.  3G4.  Fio.  BGo. 


Ctjdip'pe  pileus,  with  its  tentacles 
extended. 


Beroi  Forskalii,  showing  the  tubular 
pi'olongations  of  the  stomach. 


its  branches  passing  towards  the  polar  surface  on  either  side  of  a 
little  body  which  has  every  appearance  of  being  a nervous  ganglion, 
and  which  is  surmounted  externally  by  a fringe-hl^  ^paratus 
that  seems  essentially  to  consist  of  sensory  tentacles.*  F rom  the 
cavity  of  the  stomach,  tubular  prolongations  pass-oil  beneath  the 
ciliated  bands,  very  much  as  in  the  true  5eroe  (b)  ; these  inay 
easily  be  iniected  with  coloured  liquids,  by  the  introduction  of  the 
extremity  of  a fine-pointed  glass-syringe  (Fig.  106)  into  the  naouth. 
The  liveliness  of  this  little  creature,  which  may  sometimes  be  col- 
lected  in  large  quantities  at  once  by  the  Stick-net,  renders  it  a 
most  beautiful  subject  for  observation  when  due  scope  is  given  to 
its  movements  ; but  for  the  sake  of  Microscopic  examination,  it  is 
of  course  necessary  to  confine  these.— Yarious  species  of  true  ifci-oc, 
some  of  them  even  attaining  the  size  of  a small  lemon,  are 

* It  is  commonly  stated  that  the  twobranches  of  the  alimentivry  canal  open 

on  the  surface  by  two  pores  situated  in  the  hollow  of  the  fringe,  (me  on  ehhei 
side  of  the  nervous  ganglion.  The  Author,  however,  has  not  be^  able  to  satisfy 
iiimsclf  of  the  existence  of  such  excretorj-  pores  in  the  ordinary 
althoiwh  he  has  repeatedly  injected  their  whole  alimentary  canal  and  its  exte  - 
sions  and  has  attentively  watched  the  currents  produced  by  ciliary  action  iii 
the  interior  of  the  bifurcating  prolongations,  which  ciu-rents  always  ^ 

him  to  return  as  from  ctccal  extremities.  Ho  is  himself  inclined  to  ® ' 

this  arrangement  has  reference  solely  to  the  uutntion  of  the 
-nirl  tentacular  apparatus,  which  lies  imbedded  (so  to  speak)  in  the  bifiiKxatio 
altoS.oT.n,l,  t,  as  to  bo  nblo  to  .bw  its  sttppl!:  of  ootrmtout  d.ooot 

from  that  cavity. 


]>EliOE  ; CYDIPPE.  Q.2<J 

mo'emente  o*Abe  bTdy'"a^^ffecW^Tt£i•l“ 

cZklTth^r’  spiSdircisiir 

Lrthem -AiT  the^watfr  coatain- 

JsSdl-maii  ^ *’*"  Ctea»j,iora  as  related  to 

^SfiP^sng 

EemarkaWe  Animals  m'  Scotland  » Vil  T’  iSblev’s 
masterly  work  ^‘^turgeschichte  der  Hydromedusen,”  the 

StZTSet'o^f  “r 

rvous  bjstem  of  Aurelia  aurita,’  m “Philsos.  Trans,,”  1878,  p.  663. 
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ECHINODEEMATA,. 

531.  As  we  ascend  the  scale  of  Animal  life,  we  meet  with  snch 
a rapid  advance  in  complexity  of  structure,  that  it  is  no  longer 
possible  to  acquaint  one’s-self  with  any  organism  by  Microcsopic 
examination  of  it  as  a whole ; and  the  dissection  or  analysis  which 
becomes  necessary,  in  order  that  each  separate  part  may  be  studied 
in  detail,  belongs  rather  to  the  Comparative  Anatomist  than  to  the 
ordinary  Microscopist.  This  is  especially  the  case  with  the  Echinus 
(Sea-Urchin),  Asterias  (Star-fish),  and  other  members  of  the  class 
Echinodermata,  even  a general  account  of  whose  complex  organi- 
zation woirld  be  quite  foreign  to  the  purpose  of  this  work.  Yet 
there  are  certain  parts  of  their  structure  which  furnish  Microscopic 
objects  of  such  beauty  and  interest  that  they  cannot  by  any  means 
be  passed  by ; while  the  study  of  their  Embryonic  forms,  which 
can  be  prosecuted  by  any  Sea-side  observer,  bring  into  view  an 
order  of  facts  of  the  highest  scientific  interest. 

532.  It  is  in  the  structure  of  that  Calcareous  Skeleton  which 
in-obably  exists  under  some  form  in  every  member  of  this  class, 
that  the  ordinary  Microscopist  finds  most  to  interest  hini.  This 
attains  its  highest  development  in  the  Echinida  ; in  which  it  forms 
a box-like  shell  or  ‘ test,’  composed  of  numerous  polygonal  plates 
jointed  to  each  other  with  great  exactness,  and  beset  on  its  external 
surface  with  ‘ spines,’  which  may  have  the  forin  of  prickles  of  no 
great  length,  or  may  be  stout  club-shaped  bodies,  or,  again,  may 
be  very  long  and  slender  rods.  The  intimate  structure  of  the  shell 
is  everywhere  the  same ; for  it  is  composed  of  a nctworh,  which 
consists  of  Carbonate  of  Lime  with  a very  small  quantity  of  auimal 
matter  as  a basis,  and  which  extends  in  every  direction  (i.e.,  in 
thickness  as  well  as  in  length  and  breadth),  its  areolce  or  inter- 
spaces freely  communicating  with  each  other  (Figs.  366,  367). 
These  ‘ areolae,’  and  the  sohd  structure  which  surrounds  them,  may 
bear  an  exh-emely  variable  proportion  one  to  the  other ; so  that  in 
two  masses  of  equal  size,  the  one  or  the  other  may  greatly  predo- 
minate ; and  the  texture  may  have  either  a remarkable  lightness 
and  porosity,  if  the  network  be  a very  open  one  like  that  of 
Fig.  366,  or  may  possess  a considerable  degree  of  compactness,  it 
the  solid  portion  be  strengthened.  Generally  speaking,  the  difterent 
layers  of  this  network,  which  are  connected  together  by  pillars  that 
pass  from  one  to  the  other  in  a direction  perpendicular  to  their 
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plane  are  so  arrpgedthat  the  perforations  in  one  shall  corresnond 
to  the  mternaediate  solid  strncture  in  the  next  • and  ILpL  ^ 
parence  is  such  that  when  we  are  examinino-  a spWion  +V  * I' 
to  contoin  only  two  or  three  oncKyerit  tVrS^ 

very  beautiful  arrangement,  it 
comes  to  pass  that  the  plates  of 
■which  the  entire  ‘ test’  is  made 
up  possess  a very  considerable 
degree  of  strength,  notwith- 
standing that  their  porousness 
is  such,  that  if  a portion  of 
a fractured  edge,  or  any  other 
part  from  which  the  investing 
membrane  has  been  removed, 
be  laid  upon  fluid  of  almost  any 
description,_this  will  be  rapidly 
sucked-up  into  its  substance. — 

A very  beautiful  example  of  the 
same  kind  of  calcareous  skeleton, 
having  a more  regular  confor- 
mation, is  furnished  by  the  disk 
or  ‘ rosette’  which  is  contained 
in  the  tip  of  every  one  of  the 

Echinus  from  the  ‘ ambu- 
lacral  pores  that  are  seen  in  the  rows  of  smaUer  plates  interposed 

^ine-beanng  plates  of  its  box-like  shell.  If  the 
entire  disk  be  cut-ofl,  and  be  mounted  when  dry  in  Canada  balsam 
the  calcareous  rosette  may  be  oaisam, 


Section  of  Shell  of  Echinus,  showing 
the  calcareous  network  of  which  it  is 
composed « a,  portions  of  a deeper 
layer.  ^ 


seen  sufficiently  well;  but  its 
beautiful  structure  is  better 
made-out  when  the  animal 
membrane  that  encloses  it  has 
been  got  rid-of  by  boiling  in  a 
solution  of  caustic  potass ; and 
the  appearance  of  one  of  the  five 
segments  of  which  it  is  com- 
posed, when  thus  prepared,  is 
shown  in  Fig.  368. 

533.  The  most  beautiful  dis- 
play of  this  reticulated  structure, 
however,  is  shown  in  the  struc- 


Fig.  367. 


ture  of  the  ‘ spines’  of  Echinus  Section  of  central  portion 

CiclaHs,  &c. ; in  which  it  is  com-  opfn^nTtwoit’'"'^'''^'"^ 
bined  with  solid  ribs  or  pillars, 

disposed  in  such  a manner  as  to  increase  the  strength  of  these  oro-ans  • 
tvhmh^S  elaborate  pattern  being  formed  by  rtieir  intermixture’ 
vhich  shows  considerable  variety  in  difi’erent  species.— When  we 
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make  a thin  transverse  section  (Plate  ii.,  fig.  1)  of  almost  any  spine 
belonging  to  the  genus  Echinus  (the  small  spines  of  our  British 

Fig.  3G8. 


Oue  of  the  segments  of  the  calcareous  skeleton  of  an  Ambulacral 
Disk  of  Echinus. 

species,  however,  being  exceptional  in  this  respect)  or  its  immediate 
allies,  we  see  it  to  be  made  up  of  a number  of  concentric  layers, 
arranged  in  a manner  that  strongly  reminds  us  of  the  concentric 
rings  of  an  Exogenous  tree  (Pig.  254).  The  number  of  these  layers 
is  extremely  variable ; depending  not  merely  upon  the  age  of  the 
spine,  but  (as  will  presently  appear)  upon  the  part  of  its  length  from 
which  the  section  happens  to  be  taken.  The  centre  is  usually  occu- 
pied by  a very  open  network  (Pig.  367)  ; and  this  is  bounded  by  a 
row  of  ti'ansparent  spaces  (like  those  at  a a!,  h b',  c c',  &c.,  Pig.  369), 
which  on  a cursory  inspection  might  be  supposed  to  be  void,  but 
are  found  on  closer  examination  to  be  the  sections  of  solid  ribs 
or  pillars,  which  run  in  the  direction  of  the  length  of  the  spine, 
and  form  the  exterior  of  every  layer.  Their  solidity  becomes  very 
obvious,  when  we  either  examine  a section  of  a spine  whose  sub- 
stance is  pervaded  (as  often  happens)  with  a colouring  matter  of  some 
depth,  or  when  we  look  at  a very  thin  section  by  black-ground 
illumination.  Around  the  innermost  circle  of  these  solid  pillars 
thei'e  is  another  layer  of  the  calcareous  network,  which  again  is 
surrounded  by  another  circle  of  solid  pillars ; and  this  arrangement 
may  be  repeated  many  times,  as  shown  in  Fig.  369,  the  outermost 
row  of  pillars  forming  the  projecting  ribs  that  are  commonly  to  be 
distinguished  on  the  surface  of  the  spine.  _ Aromrd  the  cup-shaj)ed 
base  of  the  spine  is  a membrane  which  is  continuous  with  that 
covering  the  surface  of  the  shell,  and  serves  not  merely  to  hold- 
down the  cup  upon  the  tubercle  over  which  it  works,  but  also  by 
its  conti’actility  to  move  the  spine  in  any  rerjuired  direction.  Tbis 
membrane  is  probably  continued  onwards  over  the  whole  surface  ot 
the  spine,  although  it  cannot  be  clearly  traced  to  any  distance 
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from  the  base,  and  the  new  formations  may  be  presumed  to  taPo 
place  in  its  substance.  Each  new  formation  comLtere^ 
the  old;  not  merely  surrounding  the  part  prevLsly^formed  but 
also  projectmg  considerably  beyond  it;  and  thus  it  happens 'thft 

Fig.  369. 


Portion  of  transverse  section  of  Spine  of  AcrocLulia  manunUlata. 


the  number  of  layers  shown  in  a transverse  section  will  depend  in 
part  upon  the  place  of  that  section.  For  if  it  cross  near  the  basT 
It  will  traverse  every  one  of  the  successive  layers  from  the  verv 
commencement ; whilst  if  it  cross  near  the  apex,  it  will  traverse 
only  the  single  layer  of  the  last  growth,  notwithstanding  that  in 
the  club-shape  spines,  this  terminal  portion  may  be  of  cofsiderablv 
arger  diameter  than  the  basal ; aii  in  any  inVmedLT 
he  spine,  so  many  layers  will  be  traversed,  as  have  been  formed 

sSn!  The  basal  portion  of  the 

spine  IS  enveloped  in  a reticulation  of  a very  close  texture,  withmit 

p34._  Their  combination  of  elegance  of  pattern  with  richness  of 
colouring,  renders  well-prepared  specimens  of  these  Spines  amonj? 
t Microscopist  can  anyXrf 

spines  of  the  various  species  of  the^genus 
Aciodadia  furnish  sections  most  remarkable  for  size  anrl 

ev  nsr  (-wuchiast  pott.  ho:; 

ever  the  deep  purple  spines  of  Ecldnus  liviclus  are  pre-eminent)  • 

if  Cmte  Thf  Utarapom  (Plate  n..  fig.  1)  aad 

markS  for  w«an',  are  also  re- 

markable  for  their  beauty.— No  succession  of  concentric  lavers  is 

inrti'thp®  ^7^fsh  Echini,  probably  because  (accord- 

trma£  nn^pnf  every  year, ^ each  new  formation  thus  going 

viousll V ® addition  to  that  pre^ 

by  sections  o?Ffh^°^^  curious  indications  are  sometimes  afforded 
oy  sections  of  Echinus-spines,  of  an  extraordinary  power  of  repa- 
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ration  inherent  in  these  bodies.  For  irregularities  are  often  seen 
in  the  transverse  sections,  which  can  he  accounted-for  in  no  other 
way  than  by  sup]3osing  the  spines  to  have  received  an  injury  when 
the  irregular  part  was  at  the  exterior,  and  to  have  had  its  loss  of 
substance  supplied  by  the  growth  of  new  tissue,  over  which  the 
subsequent  layers  have  been  formed  as  usual.  And  sometimes  a 
peculiar  ring  may  be  seen  upon  the  surface  of  a spine,  which  in- 
dicates the  place  of  a complete  fracture ; all  beyond  it  being  a new 
growth,  whose  unconformableness  to  the  older  or  basal  portion  is 
clearly  shown  by  a longitudinal  section.* — The  spines  of  Gidaris 
present  a marked  departure  from  the  plan  of  structure  exhibited  in 
Echinus ; for  not  only  are  they  destitute  of  concentric  layers,  but 


Fig.  370. 


the  calcareous  network  which  forms  their  principal  substance  is 
encased  in  a solid  calcareous  sheath  perforated  with  tubules,  which 
seems  to  take  the  place  of  the  separate  pillars  of  the  Echini.  This 
is  usually  found  to  close-in  the  spine  at  its  tip  also  ; and  thus  it 
wmuld  appear  that  the  eutire  spine  must  be  formed  at  once,  since 
no  addition  could  be  made  either  to  its  length  or  to  its  diameter, 
save  on  the  outside  of  the  sheath,  where  it  is  never  to  be  found. 
The  sheath  itself  often  rises  up  in  prominent  points  or  ridges  on 
the  surface  of  these  spines ; thus  giving  them  a character  by  which 
they  may  be  distinguished  from  those  of  Echini. — The  slender, 
almost  filamentary  spines  of  8patangxt,s  (Fig.  370),  and  the  in- 
numerable minute  hair-like  processes  attached  to  the  shell  of 
Clypeaster,  are  composed  of  the  like  regularly-reticulated  substance ; 
and  these  are  very  beautiful  objects  for  the  lower  powers  of  the 
Microscope,  when  laid  upon  a black  ground  and  examined  by  re- 
flected ilight  without  any  further  preparation. — It  is  interesting 
also  to  find  that  the  same  structure  presents  itself  in  the  curious 


1 

I 

I 


'1 

! 


* See  the  Autlior’s  description  of  such  Reparations  in  the 
scopical  Journal,”  Vol.  iii.  (1870),  p.  22.5. 
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Pechcellarice  (fovceps-like  bodies  mounted  on  lono-  stalk-?'* 
are  found  on  the  surface  of  many  Echiuida  and  ^ 

was  formerly  a source  of  much 

them  as  proper  appendages  of  the  Echinus  itself.  The  coSSp 
conformity  which  exists  between  the  structure  of  their  skeleW^d 
S?  animal  to  which  they  are  attached,  removes  all  doubt  of 

observation  of  their  actions 
111  the  living  state  would  indicate.  actions 

535.  Another  example  of  the  same  structure  is  found  in 

surrounds  the  interior  of  the 
oral  orifice  of  the  shell,  and  which  includes  the  five  teeth  that  mav 
often  be  seen  projecting  externally  through  that  orifice  • the  wholo 
orming  what  is  Imown  as  the  ‘lantern  of  Aristotle.’  The  texture 
sLp^+b-!? or  jaws  resembles  that  of  the  shell  in  every  respect 
save  that  the  network  is  more  open  ; but  that  of  the  teeth  d&ers 

Hkened  to  that  Jf 

Mr  James  investigations  of 

mr.  dames  baiter,*  however,  have  fullv  demon sfrai-pd  +koi-  +n 

appearanoes  which  have  suggested  thfs  coTp”  rtt  are  tV 
tistll?!*'’  ; tie  pla“  structure  of  the  tooth  being  essen- 

itwCkfuroTt^'Tt"*  greatly  nro!iS  ?u 

tba7of  4.  complete  tooth  has  somewhat  the  form  of 

that  ^ the  front  tooth  of  a Eodent ; save  that  its  concave  side  is 
stren^gthened  by  a projecting  ‘ keel,’  so  that  a transverse  section  of 
the  tooth  presents  the  form  of  a ±.  This  keel  is  comSd  of 
cy  indiical  rods  of  carbonate  of  lime,  having  club-shaped  extremities 
l^ng  obhquely  to  the  axis  of  the  tooth  (Fig.  371,  A,  cZ)  • these  rods 
do  not  a^ere  very  firmly  together,  so  that  it  is  difficult  to  keen 
them  in  their  places  in  making  sections  of  the  part.  The  convex 
surface  of  the  tooth  (c,  c,  c)  is  covered  with  a firmer  layer  which 

‘enamel;’  this  is  composedT;horter 
rods,  also  obliquely  arranged,  but  having  a much  more  intimate 
utual  adhesion  than  we  find  among  the  rods  of  the  keel  The 
pnncipal  part  of  the  substance  of  the  tooth  (Ar^)  is  made-un  of 

' P^ioiary  plates  ;’  these  are  triangular  plates 
of  calcareous  shell-substance,  arranged  in  two  series  fas  sbnwn  of 

■at  30.0  f../u^  \t 


in 


‘‘SriliriTaTsri’’ of  Echinus,- 
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lappet-like  appendages,  whicli  are  formed  of  similar  plates  of  cal- 
careous shell-substance,  and  are  denominated  by  Mr.  Salter 
‘ secondary  plates.’  Another  set  of  appendages  termed  ‘ flabelli- 

Fig.  371. 


Structure  of  tlie  TootL  of  Echinus: — A,  vertical  sectiou, 
showing  the  fonn  of  the  apex  of  the  tooth  as  produced  by 
wear,  and  retained  by  the  relative  hardness  of  its  elementaiy 
parts ; a,  the  clear  condensed  axis ; 6,  the  hodj^  foimed  of 
plates  ; c,  the  so-called  enamel ; d,  the  keel : — B,  commencing 
growth  of  the  tooth,  as  seen  at  its  base,  showing  its  two 
systems  of  plates  ; the  dark  appearance  in  the  central  portion 
of  the  upper  part  is  produced  by  the  incipient  reticulations  of 
the  flabelliforni  processes : — c,  transverse  section  of  the  tooth, 
showing  at  a the  ridge  of  the  keel,  at  b its  lateral  portion, 
resembling  the  shell  in  texture  ; at  c,  c,  the  euamel. 

form  processes’  is  added  at  some  little  distance  from  tbe  growing 
base ; these  consist  of  elaborate  reticulations  of  calcareous  fibres, 
ending  in  fan-shaped  extremities.  And  at  a point  still  further 
from  the  base,  we  find  the  different  components  of  the  tooth  con- 
nected together  by  ‘ soldering  particles,’  which  are  minute  cal- 
careous disks  interposed  between  the  previously-formed  structures  ; 
and  it  is  by  the  increased  develoiDment  of  this  connective  sub- 
stance, that  the  intervening  spaces  are  narrowed  into  the  semblance 
of  tubuli  like  those  of  bone  or  dentine.  Thus  a vertical  section 
of  the  tooth  comes  to  present  an  appearance  very  like  that  pf  the 
hone  of  a Vertebrate  animal,  with  its  lacunm,  canaliculi,  and 
lamellffi ; but  in  a transverse  section  the  body  of  the  tooth  bears  a 
stronger  resemblance  to  dentine  / whilst  the  keel  and  cnamel-layei 


Fig.  372. 


OalcfireoiTS  plate  and  claw  of  AstropUyton 
(Euryale). 
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S-ScUu-r''  of 

calcareons  plates  which  form  the  less  compact  skele- 
toBs_  of  the  and  their  allies),  aSd  of  the 

Op/«w} ida  ( sand-stars  and  ‘brittle-stars’),  have  the  same  texture 
as  those  of  the  shell  of  Echinns.  And  this  presents  itself  too  in 
the  spines  or  prickles  of  their  ’ 

surface,  when  these  (as  in  the 
great  Goniaster  equestris)  are 
large  enough  to  be  furnished 
with  a calcareous  framework, 
and  are  not  mere  projections 
of  the  horny  integument.  An 
example  of  this  kind,  furnished 
by  the  Astrophytnn  (better 
known  as  the  JEitryale),  is 
represented  in  Fig.  372.  The 
spines  with  which  the  arms 
of  the  species  of  OpUocoma 
( brittle-star ) are  beset,  are 

ts- 

as  modelT  r i ?p7re  *a  Se  tve  Teen  We 

Ofldocoma 

traMparent  oWt  mounted  in  balsam  as  a 

SrE  + A scarcely  any  grinding  down  ; and  it  is  then 

seen  that  the  basal  portion  of  the  tooth  is  formed  upon  the  onen 

if  th^Sr^p^^^^  ‘ is  so  modiLd 

the  tooth  has  a bonedikef  hSf . 

o37.  The  calcareous  skeleton  is  very  highly  develoned  in  thp 
Ci  motdea  ; their  stems  and  branches  being  made-up  of  a^calcareous 
fs  the^Ech W 

Medvsce  a JomPwlf^+ T recent  Pentacnnus  Caput 

f a We  AT?  seas,  but  also 

abundant  in  mnnv  nf  whose  remains  are  so 

Si  A 1 r®  Geological  formations  ; for  notwith- 

siliSfon  bvf  mS!  penetrated  in  the  act  of  fos- 

iVeif  iW  tbp  seems  to  have  substituted 

f mmrnlv  fLnTJrpv  f regularly-crystalline  cleavage  being 
+n  e ^o  exist  in  the  fossil  stems  of  Encrinites  &c  as  in 

the  fossil  spines  of  Echinida),  yet  their  organic  structure  is  often 
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most  perfectly  preserved.*  In  the  circular  stems  of  Encrinites, 
tne  texture  of  the  calcareous  network  is  uniform,  or  nearly  so, 
thioughont;  hut  in  the  pentangular  Pentacrini,  a certain  fio-ure  or 
pattern  is  formed  by  variations  of  texture  in  different  parts°of  the 
transverse  section.f 

538.  The  minute  structure  of  the  Shells,  Spines,  and  other  solid 
parts  of  the  skeleton  of  Echinodermata  can  only  be  displayed 
flfi  1 no  n made  upon  the  general  plan  already  described 

ISs  iy^-19o).  But  their  peculiar  texture  requires  that  certain 
precautions  should  be  taken ; in  the  first  place,  in  order  to  prevent 
the  section  from  breaking  whilst  being  reduced  to  the  desirable 
thickness  ; and  in  the  second,  to  prevent  the  interspaces  of  the  net- 
work from  being  clogged  by  the  particles  abraded  in  the  reducing 
process.  section  of  the  Shell,  Spine,  or  other  portion  of  the 
skeleton  should  first  be  cut  with  a fine  saw,  and  be  rubbed  on  a 
flat  file  until  it  is  about  as  thin  as  ordinary  card,  after  which  it  should 
be  smoothed  on  one  side  by  friction  with  water  on  a Water-of-Ayr 
stone.  It  should  then,  after  careful  washing,  be  dried,  first  on  white 
blotting-paper,  afterwards  by  exposure  for  some  time  to  a gentle 
heat,  so  that  no  water  may  be  retained  in  the  interstices  of  the 
network,  which  would  oppose  the  complete  penetration  of  the  Canada 
balsam.  Next,  it  is  to  be  attached  to  a glass-slip  by  balsam 
hardened  in  the  usual  manner  ; but  particular  care  should  be  taken, 
first,  that  the  balsam  be  brought  to  exactly  the  right  degree  of 
hardness,  and  second,  that  there  be  enough  not  merely  to  attach 
the  specimen  to  the  glass,  but  also  to  saturate  its  substance 
throughout.  The  right  degree  of  hardness  is  that  at  which  the 
balsam  can  be  with  difficulty  indented  by  the  thumb-nail ; if  it  be 
made  harder  than  this,  it  is  apt  to  chip-off  the  glass  in  grinding,  so 
that  the  specimen  also  breaks  away ; and  if  it  be  softer,  it  h'olds 
the  abraded  particles,  so  that  the  openings  of  the  network  become 
clogged  with  them.  If,  when  rubbed-down  nearly  to  the  requmed 
thinness,  the  section  ajDpears  to  be  uniform  and  satisfactory  through- 
out, the  reduction  may  be  completed  without  displacing  it ; but  if 
(as  often  happens)  some  inequality  in  thickness  should  be  ob- 
servable, or  some  minute  air-bubbles  should  show  themselves 
between  the  glass  and  the  under  surface,  it  is  desirable  to  loosen 
the  specimen  by  the  application  of  just  enough  heat  to  melt  the 
balsam  (special  care  being  taken  to  avoid  the  production  of  fresh 
air-bubbles),  and  to  turn  it  over  so  as  to  attach  the  side  last 

* The  calcareous  skeleton  even  of  living  Echinodenns  has  a crystalline 
aggregation,  as  is  very  obvious  in  the  more  solid  spines  of  Echhwmetrre,  &c. ; 
for  itis  difficult,  in  sawing  these  across,  to  avoid  their  tendency  to  cleavage  in 
the  oblique  plane  of  calcite.  And  the  Author  is  informed  by  Sir.  Sorby,  that 
the  calcareous  deposit  which  fills  up  the  areolne  of  the  fossilized  skeleton  has 
always  the  same  crystalline  system  witli  the  skeleton  itself,  as  is  shown  not 
merely  by  the  uniformity  of  their  cleavage,  but  by  their  similar  action  on 
Polarized  light. 

t See  Figs.  74-7C  of  the  Author’s  Memoir  on  “ Shell  Structure”  in  the  Report, 
of  the  British  Association  for  1847. 
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polished  to  the  glass,  taking  care  to  remove  or  to  break  with  the 
iiee(Ue-point  any  air-bnbbles  that  there  maybe  in  the  balsam  cover- 
ing  the  part  of  the  glass  on  which  it  is  laid.  The  surface  now 
brought  upp^most  IS  then  to  be  very  carefully  ground  down  • 
special  care  being  taken  to  keep  its  thickness  uniform  through 

he  even  better  judged-of  by  the  touch  thL 
by  the  eye),  and  to  caa-ry  the  reducing  process  far  enough,  without 
carrying  it  top  far.  Until  practice  shall  have  enabled  tie  operator 
to  judge  of  this  by  passing  his  finger  over  the  specimen,  he  must 
have  continual  recourse^ to  the  Microscope  during  the  latter  stages 
of  his  work  ; pnd  he  should  bear  constantly  in  mind,  that,  as  the 
specimen  will  become  much  more  transparent  when  mounted  in 
balsam  and  covered  with  glass,  than  it  is  when  the  ground  surface 
IS  exposed,  he  need  not  carry  his  reducing  process  so  far  as  to  pro- 
duce  at  once  the  entire  transparence  he  aims  at,  the  attempt  to 
accomplish  which  would  involve  the  risk  of  the  destruction  of  the 
specimen.  In  mounting  the  specimen,  liquid  balsam  should  be 

n ^ sufficient  to  produce 

air-bubbles,  or  to  loosen  the  specimen  from  the  glass)  should  be 

Tv  T mounted,  the  section  should  be 

found  too  thick,  it  will  be  easy  to  remove  the  glass  cover  and  to  re- 

bSllm  to  the  proper  degree  the 

balsam  which  has  been  newly  laid-on.  ° 

If ^ iiiimber  of  sections  are  to  be  prepared  at  once  (which 
it  13  often  useful  to  do  for  the  sake  of  economy  of  time,^  or  in 
order  to  compare  sections  taken  from  different  parts  of  the  same 
spme),  this  may  he  most  readily  accomplished  by  laying  them 
down,  when  cut-off  by  the  saw,  without  any  prelimina^  iSepaia- 

Calcareous  dust  from  their  Suffices, 
of  glass  well  covered  with  hardened  balsam;  a 
may  thus  be  occupied  by  the  sections 
attached  to  it,_  the  chief  precaution  required  being  that  all  the 
^ctions  come  into  equally  close  contact  with  it.  Their  surfaces 
may  then  be  brought  to  an  exact  level,  by  rubbing  them  down, 
first  upon  a flat  piece  of  grit  (which  is  very  suitable  for  the  roimh 
grmding  of  such  sections),  and  then  upon  a large  Water-of-Avr 
stone  whose  surface  is/ true.’  When  this  level  h&  been  attained, 

btl.nT  and  some 

ipdened  is  to  be  spread  over  it,  so  as  to  be 

^ moderate  heat  being  at  the  same  time 

T®  sections  without  overheating  the  balsam,  the 
faceTtT®  to  be  turned-over,  one  by  one,  so  that  the  groicnd  sur- 
takpn  attached  to  the  glass  slip,  special  care  being 

taken  to  press  them  all  into  close  contact  with  it.  They  are  theS 
XV  carefully  rubbed-dqwn,  until  they  are  nearly  reduced  to 

+i'mp  ; and  if,  on  examining  them  from  time  to 

tme,  their  thinness  should  be  found  to  be  uniform  throughout,  the 
reduction  of  the  entire  set  may  be  completed  at  once ; and  when 


640 


CALCAREOUS  SKELETON  OF  ECHINODERJIATA. 


it  has  been  carried  sufEciently  far,  the  sections,  loosened  by  warmth, 
are  to  be  taken-np  on  a camel-hair  brush  dipped  in  turpentine, 
and  transferred  to  separate  slips  of  glass  whereon  some  liquid 
balsam  has  been  previously  laid,  in  which  they  are  to  be  mounted 
in  the  usual  manner.  It  more  frequently  happens,  however,  that, 
notwithstanding  every  care,  the  sections,  when  ground  in  a number 
together,  are  not  of  uniform  thickness,  owing  to  some  of  them 
being  underlaid  by  a thicker  stratum  of  balsam  than  others  ; and 
it  is  then  necessary  to  transfer  them  to  separate  slips  before  the 
reducing  process  is  completed,  attaching  them  with  hardened 
balsam,  and  finishing  each  section  separately. 

640.  A very  curious  internal  skeleton,  formed  of  detached  plates 
or  spicules,  is  found  in  many  members  of  this  class  ; often  forming 
an  investment  like  a coat  of  mail  to  some  of  the  viscera,  especially 
the  ovaries.  The  form-s  of  these  plates  and  spicules  are  generally 
so  diverse,  even  in  closely-allied  species,  as  to  afford  very  good 
diJfferential  characters. — This  subject  is  one  that  has  been  as  yet 
but  very  little  studied,  Mr.  Stewart  being  the  only  Microscopist 
who  has  given  much  attention  to  it  ;*  but  it  is  well  worthy  of  much 
more  extended  research. 

641.  It  now  remains  for  us  to  notice  the  curious  and  often  very 
beautiful  structures,  which  represent,  in  the  order  Solotliurida, 
the  solid  calcareous  skeleton  of  the  orders  already  noticed.  All 
the  animals  belonging  to  this  Order  are  distinguished  by  the  flexi- 
bility and  absence  of  firmness  of  their  envelopes  ; and  excepting  in 
the  case  of  certain  species  which  have  a set  of  calcareous  plates, 
supporting  teeth,  disposed  around  the  mouth,  very  much  as  in  the 
Echinida,  we  do  not  find  among  them  any  representation  that  is 
apparent  to  the  unassisted  eye,  of  that  skeleton  which  constitutes 


Fig.  37b. 


Calcareous  plates  in  Skin  of  Bblothuria. 

SO  distinctive  a feature  of  the  class  generally.  But  a microscopic 
examination  of  their  integument  at  once  brings  to  view  the  exist- 
ence of  great  numbers  of  minute  isolated  plates,  every  one  of  theni 
presenting  the  characteristic  reticulated  structuie,  which  aie  sc 
* Sec  his  Memoir  in  tlie  “ Liunoeau  Transactions,”  Vol.  xxv.  p.  3Go. 
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with  greater  or  less  closeness  in  the  substance  of  the  shiu.  Various 
forms  of  the  plates  which  thus  present  themselves  in  Holotlmria 
are  shown  in  Fig.  373 ; and  at  a is  seen  an  oblique  view  of  the 
kind  marked  ot,  more  highly  magnified,  showing  the  very  peculiar 
manner  wherein  one  part  is  superposed  on  the  other,  which  is  not 
at  all  brought  into  view  when  it  is  merely  seen  through  in  the  ordi- 
nary manner.— In  the  8ynapta,  one  of  the  long-bodied  forms  of  this 
order,  which  abounds  in  the  Adriatic  Sea,  and  of  which  two  species 
(the  S.  cliciitata  and  S.  inhcerens)  occasionally  occur  upon  our  own 
coasts,^  the  calcareous  plates  ot  the  integument  have  the  regular 
form  shown  at  a.  Fig.  371 ; and  each  of  these  carries  the  curious 


Fig.  374. 


A 


Calcareous  Skeleton  of  Si/napta  :~A,  plate  imbedded  in 
Skin ; B,  the  same,  with  its  anchor-like  spine  attached ; c 
anchor-lilce  spine  separated.  ’ ’ 


Fig.  375. 


anchor-like  appendage,  c,  which  is  articulated  to  it  by  the  notched 
piece  at  the  foot,  in  the  manner  shown  (in  side  view)  at  b.  The 
anchor-like  appendages  project  from  the  surface  of  the  skin,  and 
may  be  considered  as  repre- 
senting the  spines  of  Echi- 
nida. — Nearly  allied  to  the 
Synapta  is  the  Cliirodota, 
the  integument  of  which  is 
entirely  destitute  of  ‘anchors,’ 
but  is  furnished  with  very 
remarkable  wheel-like  plates ; 
those  represented  in  Fig.  375 
are  found  in  the  skin  of  Chi- 
rodota  violacea,  a species  in- 
habiting the  Mediterranean. 

These  ‘ wheels’  are  objects  of 
singular  beauty  and  delicacy, 
being  especially  remarkable  for  the  very  minute  notching  (scarcely 
, . ^ in  the  figures  without  the  aid  of  amagnifyino'-glass) 

which  IS  traceable  round  the  inner  margin  of  their  ‘ tires. ’-^Th ere 
can  be  scarcely  any  reasonable  doubt  that  every  member  of  this 


Wheel-like  plates  from  Skiu  of  ChirocJoia 
violacea. 


* See  Woodward  iu  “Froceedings  of  Zoological  Society,"  July  13,  1858. 
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Order  lias  some  kind  of  calcareous  skeleton,  disposed  in  a manner 
conformable  to  the  examples  now  cited;  and  it  would  be  very 
valuable  to  determine  how  far  the  marked  peculiarities  by  which 
they  are  respectively  distinguished,  are  charactei-istic  of  genera 
and  species.  The  plates  may  be  obtained  separately  by  the  usual 
method  ot  treating  the  skin  with  a solution  of  potass and  they 
should  be  mounted  in  Canada  balsam.  But  their  position  in  the 
skin  can  only  be  ascertained  by  making  sections  of  the  integument, 
both  vertical  and  parallel  to  its  surface ; and  these  sections,  when 
dry,  are  most  advantageously  mounted  in  the  same  medium,  by 
which  their  transparence  is  greatly  increased.  All  the  objects  of 
this  class  are  most  beautifully  displayed  by  the  Black-ground  illumi- 
nation; and  their  solid  forms  are  seen  with  increased  effect  under 
the  Binocular.  The  Black-ground  illumination  applied  to  very  thin 
sections  of  Echinus  spines  brings  out  some  effects  of  marvellous 
beauty  ; and  even  in  these  the  solid  form  of  the  network  connecting 
the  pillars  is  better  seen  with  the  Binocular  than  it  can  be  with  the 

ordinary  Microscope.*  . • .1  i.  4. 

642  Echinoderm-Larvoi.—We  have  now  to  notice  that  most 
remarkable  set  of  objects  furnished  to  the  Microscopic  inquirer  by 
the  larval  states  of  this  class  ; for  our  knowledge  of  which  we  are 
chiefly  indebted  to  the  painstaking  and  widely-extended  investiga- 
tions of  Prof.  J.  Muller.  All  that  our  limits  permit  is  a notice  of 
two  of  the  most  curious  forms  of  these  larvae,  by  way  of  sample  of 
the  wonderful  phenomena  which  his  researches  brought  to  light, 
and  to  which  the  attention  of  Microscopists  who  have  the  oppor- 

« . • ii  .1. 1 ^ ^ 4."U  o cicnrl  n r»n  oItt  rliVPP+Pri  • 


the  intervening  space  is  com; 
gradation. 
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the  whole  of  its  length.  The  two  fringes  are  united  by  a superior 
and  an  inferior  trausverse  ciliated  band ; and  between  these  two 
the  mouth  of  the  zooid  is  always  situated.  Further,  although  the 
adult  Star-fish  and  Sand-stars  have  usually  neither  intestinal  tube 
nor  anal  orifice,  their  larval  zooids,  like  those  of  other  Echinoderms, 
always  possess  both.  The  external  forms  of  these  larvae,  however, 
vary  in  a most  remarkable  degree,  owing  to  the  unequal  evolution 
of  their  different  parts ; and  there  is  also  a considerable  diversity  in 
the  several  Orders,  as  to  the  proportion  of  the  fabric  of  the  larva 
which  enters  into  the  composition  of  the  adult  form.  In  the  fully 
developed  Star-fish  and  Sea-urcliin,  the  only  part  retained  is  a 
portion  of  the  stomach  and  iritestine,  which  is  pinched-off,  so  to 
speak,  from  that  of  the  larval  zooid. 

543.  One  of  the  most  remarkable  forms  of  Echinoderm-larvm  is 
that  which  has  received  the  name  of  Bipinnaria  (Fig.  376),  from 
the  symmetrical  arrangement  of  its  natatory  organs.  The  mouth 
(a),  which  opens  in  the  middle 

of  a transverse  furrow,  leads  Fig.  376. 

through  an  oesophagus  o!  to 
alarge  stomach,  aroundwhich 
the  body  of  a Star-fish  is  de- 
veloping itself ; and  on  one 
side  of  this  mouth  are  observed 
the  intestinal  tube  and  anus 
(5).  On  either  side  of  the 
anterior  portion  of  the  body 
are  six  or  more  narrow  fin- 
like  appendages,  which  are 
fringed  with  cilia;  and  the 
posterior  part  of  the  body  is 
prolonged  into  a sort  of 
pedicle,  bilobed  towards  its 
extremity,  which  also  is  co- 
vered with  cilia.  The  organi- 
zation of  this  larva  seems 
completed,  and  its  move- 
ments through  the  water 
become  very  active,  before 
the  mass  at  its  anterior  ex- 
tremity presents  anything  of 
the  aspect  of  the  Star-fish  ; 
in  this  respect  corresponding  „r  L«,-™  ot  Sto- 

With  the  movements  of  the  fish: — a,  mouth;  a\  oesophagus;  h,  intes- 
plutcus  of  the  Echinida  tinal  tube  and  anal  orifice  ; c,  furrow  iu 
(§  545).  The  temporary  whicli  the  mouth  is  situated;  rf  d',  bilobed 

mouth  of  the  larva  does  not  Peduncle  ; 1,  2,  3,  4,  5,  6,  7,  ciliated  arms, 
remain  as  the  permanent 

mouth  of  the  Star-fish ; for  the  oesophagus  of  the  latter  enters 
on  what  is  to  become  the  dorsal  side  of  its  body,  and  the  true 

T I 2 
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mouth  is  subsequently  formed  by  the  thinuinq-away  of  the  integu- 
ment on  its  ventral  surface.  The  young  Star-fish  is  sepaxated 
from  the  Bipinnarian  larva  by  the  forcible  contractions  of  the 
connecting  stalk,  as  soon  as  the  calcareous  consolidation  of  its 
integument  lias  taken-place  and  its  true  mouth.  h3.s  been  formed, 
but  long  before  it  has  attained  the  adult  condition ; and  as  its 
ulterior  development  has  not  hitherto  been  observed  in  any  instance, 
it  is  not  yet  known  what  are  the  species  in  which  this  mode  of 
evolution  prevails.  The  larval  zooid  continues  active  for  several 
days  after  its  detachment ; and  it  is  possible,  though  perhaps 
scarcely  probable,  that  it  may  develops  another  Asteioid  by  a 

repetition  of  this  process  of  gemmation.,  a . • i 

544.  In  the  Bipinnaria,  as  in  other  larval  zooids  of  the  Astenacla, 
there  is  no  internal  calcareous  frame-work;  such  a frame-work, _ 
however  is  found  in  the  larvm  of  the  EcMnida  and  Oiduurida,  of 
which  the  form  delineated  in  Fig.  377  is  an  example.  The  embryo 
issues  from  the  ovum  as  soon  as  it  has  attained,  by  repeated  seg- 
mentation’ of  the  yolk  (§  581),  the  condition  of  the  ‘mulberry- 
mass  and  the  superficial  cells  of  this  are  covered  with  ciha,  by 
whose  agency  it  swims  freely  through  the  water.  So  rapid  are  t le 
early  processes  of  development,  that  no  more  than  from  twelve  to 
twenty-four  hours  intervene  between  fecundation  and  the  emersion 
of  the  embryo;  the  division  into  two,  four,  or  even  eight  segments 
taking-place  within  three  hours  after  impregnation.  Within  a few 
hours  after  its  emersion,  the  embryo  changes  from  the  sphencal 
into  a sub-pyramidal  form  with  a flattened  base  ; and  in  the  centre 
of  this  base  is  a depression,  which  gradually  deepens,  so  as  to  form 
a mouth  that  communicates  with  a cavity  m the  interior  ot  the 
body,  which  is  surrounded  by  a portion  of  the  yolk-mass  that  him 
returned  to  the  liquid  granular  state.  Subsequently  a short 
intestinal  tube  is  found,  with  an  anal  orifice  opening  on  one  side  ot 
the  body.  The  pyramid  is  at  first  triangular,  but  it  afterwaids 
becomes  quadrangular ; and  the  angles  are  greatly  prolonged  round 
the  mouth  (or  base),  whilst  the  apex  of  the  pyramid  is  sometimes 
much  extended  in  the  opposite  direction,  but  is  sometimes 
ofi  into  a kind  of  dome  (Fig.  377,  a).  All  parts  of  this  curious  body 
and  especially  its  most  projecting  portions,  are 
frame-work  of  thread-like  calcareous  rods  (e)._In  this  condition  t 
embryo  swims  freely  through  the  water,  being  propelled  by 
Sii  of  the  cilia,  which  clothe  the  four  angles  oi  the  pyramid  and 
Us  rofectkg  «-n,s,  and  wHcl,  are  sometimes  tlr.ckly  set  upon  t«o 
or  four  proiWting  lobes  (/) ; and  it  has  received  the  designation  of 
rjUteus^  The  mouth  is  usually  surrounded  by  a sort  ot  probosc j, 
the  angles  of  .which  are  prolonged  into 

(.7  7»  7)>  shorter  tlian  the  four  outer  legs,  but  furnished  uith 

firTilS;ro*ie  production  of  tbe  young  M 
n’+t!  ‘ vdn+pus  ’ is  sriven  by  the  formation  of  a ciiculai 
(Thg!  3^,  A c),  on  one  side  of  the  central  stomach  (/;) ; and  this 
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disk  soon  presents  five  prominent  tubercles  (b),  wbicb  subsequently 
become  elongated  into  tubular  cirrbi.  The  disk  gradually  extends 
itself  over  the  stomach,  and  between  its  cirrhi  the  rudiments  of 
spines  are  seen  to  protrude  (c) ; these,  with  the  cirrhi,  increase  in 

Fig.  377. 


A 


Embryonic  development  of  Echinus: — A,  Plideus-larva  at 
the  time  of  the  first  appearance  of  the  disk ; a,  mouth  in  the 
midst  of  the  four-pronged  proboscis;  ?>,  stomach  ; c,  Echinoid 
disk;  (I,  d,  d,  d,  four  arms  of  the  pluteus-body ; e,  cahairoous 
framework ciliated  lobes ; {/,g,g,g,  ciliated  processes  oi 
the  proboscis  ; — b,  Disk  with  the  first  indication  of  the  cirrhi : 
— c,  Disk,  with  the  origin  of  the  spines  between  the  cirrhi ; 
— D,  more  advanced  disk,  with  the  cirrhi,  <7,  and  spines,  a:,  pro- 
jecting considerably  from  the  surface.  (N.B. — In  B,  c,  and  l>, 
the  Pluteus  is  not  represented,  its  parts  having  undergone  no 
change,  save  in  becoming  relatively  smaller.) 
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length,  so  as  to  project  against  the  envelope  of  the  pluteus,  and 
to_  push  themselves  through  it;  whilst,  at  the  same  time,  the 
original  angular  ajipendages  of  the  pluteus  diminish  in  size,  the 
ciliary  movement  becomes  less  active,  being  superseded  by  the 
action  of  the  cirrhi  and  spines,  and  the  mouth  of  the  pluteus 
closes-up.  By  the  time  that  the  disk  has  grown  over  half  of  the 
gastric  sphere,  very  little  of  the  pluteus  remains,  except  some  of  the 
slender  calcareous  rods ; and  the  number  of  chrhi  and  spines 
rapidly  increases.  The  calcareous  frame-work  of  the  shell  at  first 
consists,  like  that  of  the  Star-fi.shes,  of  a series  of  isolated  net- 
works developed  between  the  cirrhi ; and  upon  these  rest  the  first- 
formed  spines  (d.)  But  they  gradually  become  more  consolidated, 
and  extend  themselves  over  the  granular  mass,  so  as  to  form  the 
series  of  plates  constituting  the  shell.  The  mouth  of  the  Echinus 
(which  is  altogether  distinct  from  that  of  the  pluteus)  is  formed  at 
that  side  of  the  granular  mass  over  which  the  shell  is  last  extended  ; 
and  the  first  indication  of  it  con.?ists  in  the  appearance  of  the  five 
calcareous  concretions,  which  are  the  summits  of,  the  five  portions 
of  the  frame-work  of  jaws  and  teeth  that  surround  it.  All  traces 
of  the  original  pluteus  are  now  lost ; and  the  larva,  which  now 
presents  the  general  aspect  of  an  Echinoid  animal,  gradually  aug- 
ments in  size,  multiplies  the  number  of  its  plates,  cirrhi,  and  spines, 
evolves  itself  into  its  particular  generic  and  specific  type,  and  under- 
goes various  changes  of  internal  structure,  tending  to  the  develop- 
ment of  the  complete  organism. 

a.  An  excellent  summary  of  the  developmental  history  of  the  several 
Echinoderm-tj'pes,  with  references  to  the  principal  Memoirs  which  treat 
of  it,  will  be  found  in  Chap.  xx.  of  Mr,  Balfour’s  “ Comparative  Embryo- 
logy.”— In  collecting  the  free-swimming  larvae  of  Echinodermata,  the 
Stick-net  should  be  carefully  employed  in  the  manner  already  described 
(§  217) ; and  the  search  for  them  is  of  course  most  likely  to  be  success- 
ful in  those  localities  in  which  the  adidt  forms  of  the  respective  species 
abound,  and  on  warm  calm  days,  in  which  they  seem  to  come  to  the 
surface  in  the  greatest  numbers.  The  following  mode  of  preparing  and 
mounting  them  has  been  kindly  communicated  to  the  Author  by  !Mr. 
Percy  Sladen  : — “For  killing  and  preserving  Echinoderm  zooids,  I 
have  come  to  prefer  either  Osmic  acid  or  the  Picro-sulphuric  mixture  of 
Kleiuenberg  (§  199,  e)  of  one-third  strength.  The  latter,  of  course, 
destroys  all  calcareous  structures  ; but  the  soft  parts  are  preserved  in  a 
wonderful  manner.  If  the  diluted  Kleinenberg’s  mixture  is  used,  let  the 
zooids  remain  in  it  for  one  or  two  hours ; then  wash  them  thoroughly 
in  70  per  cent.  Spirit,  until  all  trace  of  acid  is  removed  ; then  stain  ; then 
again  wash  in  70  per  cent.  Spirit,  transfer  them  to  90  per  cent.  Spirit  for 
some  hours,  and  lastly  to  absolute  Alcohol.  Transfer  them  from  this  to  Oil 
of  Cloves  ; and  finally  mount  in  Canada  balsam  in  the  usual  manner. — 
If  Osmic  acid  be  used,  place  three  or  four  of  the  living  zooids  iu  a watch- 
glass  of  sea- water,  and  add  a drop  of  the  1 per  cent,  solution.  They  shouhl 
not  remain  even  in  this  weak  solution  for  more  than  a minute  ; and 
should  then  be  thoroughly  washed  in  a superabundance  of  35  per  cent. 
Spirit,  to  prevent  the  deposit  of  crystals  of  salt  consequent  on  the  action 


PENTACEINOID  LARYA  OF  ANTEDON.  647 

of  the  osmic  acid.  Then  transfer  the  si^ecimens  to  70  per  cent.  Spirit  • 
and  proceed  as  in  the  other  case.  ^ ’ 

546.  One  of  the  most  interesting  to  the  Microscopist  of  all  Echi- 
nodermata  is  the  Antedon*  (more  generally  known  as  Gomatula), 
or  ‘ feather-star  (Fig.  378),  which  is  the  commonest  existing  re- 

Fio.  378. 


Antedon  (Gomatula)  or  Feather-star,  seen  from  its  under  side. 

presentative  of  the  great  fossil  series  of  CTiuoidecc,  or  ‘lily-stars,’ 
that  were  among  the  most  abundant  types  of  this  class  in  the 
earlier  epochs  of  the  world’s  history.  Like  these,  the  yotong  of 
Antedon  is  attached  by  a stalk  to  a fixed  base,  as  shown  in 
Fig.  379 ; but  when  it  has  arrived  at  a certain  stage  of  development, 
it  drops  off  from  this  like  a fruit  from  its  stalk  ; and  the  animal  is 
thenceforth  free  to  move  through  the  ocean-water  it  inhabits.  It 
can  swim  with  considerable  activity  ; bub  it  exerts  this  power 
chiefly  to  gain  a suitable  place  for  attaching  itself  by  means  of  the 
jointed  prehensile  cirrhi  put  forth  from  the  underside  of  the  central 
disk  (Fig.  378);  so  that,  notwithstanding  its  locomotive  power,  it  is 
nearly  as  stationary  in  its  free  adult  condition,  as  it  is  in  its  earlier 

* The  Author  has  found  himself  obliged  by  the  accepted  rules  of  Zoological 
nomenclature,  to  adopt  the  desiguatiou  Antedon,  instead  of  the  much  better 
known  and  very  appropriate  name  given  to  this  typo  by  Lamarck.  Sec  his 
Jtesearches  on  the  Structure,  Physiology,  and  Development  of  Antedon  rosa- 
ceu9,'  Part  I.,  in  “Philos.  Transact.,”  1866,  p.  671. 
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Fio.  379. 


Pentacrinoid  stage,  ^henentacrinoid  iai.-ya*— first  discovered  by 
Mr.  J.  y.  Tbompson,  of  Cork,  in  1823,  but  originally  supposed  by 

Limtobeaperinanently-attacbed 

Crinoid — forms  a most  beautiful 
object  for  the  lower  powers  of 
the  Microscope,  when  well  pre- 
served in  fluid,  and  viewed  by  a 
strong  incident  light  (Plate  xxi., 
fig.  3) ; and  a series  of  specimens 
in  different . stages  of  develop- 
ment shows  most  curious  modi- 
fications in  the  form  and  arrange- 
ment of  the  various  component 
pieces  of  its  calcareous  skeleton. 
In  its  earliest  stage  (Pig-  379,  a), 
the  body  is  enclosed  in  a calyx 
composed  of  two  circles  of  plates ; 


namely,  five  hasals,  forming  a 
sort  of  pyramid  whose  apex 
points  downwards,  and  is  at- 
tached to  the  highest  joint  of 
the  stem : and  five  orals  super- 
posed on  these,  forming  when 
closed  a like  pyramid  whose 
apex  points  upwards, but  usually 
separating  to  give  passage  to  the 
tentacles,  of  which  a circlet  sur- 
rounds the  mouth.  In  this  con- 
dition there  is  no  rudiment  of 
arms.  In  the  more  advanced 
stage  shown  at  B,  the  arms 
have  begun  to  make  their  ap- 
pearance; and  the  skeleton,  when  carefully  examined  is  found 
to  consist  of  the  following  pieces,  as  shown  in  Plate  xxi.,  fig.  1 
h,  h,  the  circlet  of  hasals  supported  on  the  top  of  the  stem ; 
0'^,  the  circlet  of  first  o’adials,  now  interposed  between  the  hasals  and 
the  orals,  and  alternating  with  both ; between  two  of  these  is  inter- 
posed the  single  anal  plate,  a ; whilst  they  sui:)port  the  second  and 
the  third  radials  [r-,  ?•=*),  from  the  latter  of  which  the  bifurcating 
arms  spring ; finally,  lietween  the  second  radials  we  see  the  five  orals, 
lifted  from  the  basals  on  which  they  originally  rested,  by  the  inter- 
position of  the  first  radials.  In  the  more  advanced  stage  shown  m 
Pig.  379,  c,  and  on  a larger  scale  in  Plate  xxi.,  figs.  2,  3,  we  find, 
the  highest  joint  of  the  stem  beginning  to  enlarge,  to  form  the 
centro-dorsal  plate  (fig.  2,  c d),  from  which  are  beginning  to  spring 

* The  Pentacrinoid  larvae  of  AnfedonhuYO  been  found  abund.antly  (attached 
to  Sea-weeds  and  Zoophytes)  at  Millport  on  the  Clyde  and  ’ ‘ 
Arran : in  Kirkwall  Bay,  Orkney ; in  Lough  Strangtord,  near  Belfast,  and  lu 
the  Bay  of  Cork  ; and  at  Ilfracombe,  and  in  Salcombe  Bay,  Devon. 


Crinoid  Larva  of  Antedoii; — a,  n,  c, 
successive  stages  of  development. 
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PLATE  XXf, 


Pentackinoid  Larva  of  AnT£SoirQ(CoiiiiX17XiA), 


To  facep.  64S 


649 


P^EUDEMBRYO  OF  ANTEDON. 

the  dorsal  cirrhi  (cir),  that  servo  to  anchor  the  animal  when  it 
drops  from  the  stem ; this  supports  the  hasals  (&),  on  which  rest 
the  first  radials  ; whilst  the  anal  plate  (a)  is  now  lifted  neaidy 
to  the  level  of  the  second  radials  (r^),  by  the  development  of  the 
anal  funnel  or  vent  (v)  to  which  it  is  attached.  The  oral  plates  are 
not  at  first  apparent,  as  they  no  longer  occupy  their  first  position ; 
but  on  being  carefully  looked-for,  they  are  found  still  to  form  a 
circlet  around  the  mouth  (fig.  3,  o,  o),  not  having  undergone  any 
increase  in  size,  whilst  the  visceral  disk  and  the  calyx  in  which  it 
is  lodged  have  greatly  extended.  These  oral  plates  finally  dis- 
appear by  absorption  ; while  the  hasals  are  at  first  concealed  by  the 
gi’eat  enlargement  of  the  centro-dorsal  (which  finally  extends  so  far 
as  to  conceal  the  first  radials  also) ; and  at  last  undergo  metamor- 
phosis into  a beautiful  ‘ rosette,’  which  lies  between  the  cavity  of 
the  centro-dorsal  and  that  of  the  calyx. — In  common  with  other 
members  of  its  Class,  the  Antedon  is  represented  in  its  earliest 
phase  of  development  by  a free-swimming  ‘ larval  zooid’  or  fseudem- 
foryo,  which  was  first]observed  by  Busch,  and  has  been  since  carefully 
studied  by  Prof.  Wyville  Thomson*  and  Goette.f  This  zooid  has  an 
elongated  egg-like  form,  and  is  furnished  with  transverse  bands 
of  cilia,  and  with  a mouth  and  anus  of  its  own.  After  a time, 
however,  rudiments  of  the  calcareous  plates  forming  the  stem  and 
calyx  begin  to  show  themselves  in  its  interior  ; a disk  is  then 
formed  at  the  posterior  extremity,  by  which  it  attaches  itself  to  a 
Sea-weed  (very  commonly  Laminaria),  Zoophyte,  or  Polyzoary ; 
the  calyx,  containing  the  true  stomach,  with  its  central  mouth 
surrounded  by  tentacles,  is  gradually  evolved;  and  the  sarcodic 
substance  of  the  pseudembryo,  by  which  this  calyx  and  the  rudi- 
mentary stem  were  originally  invested,  gradually  shrinks,  until  the 
young  Pentacrinoid  presents  itself  in  its  characteristic  form  and 
proportions.! 

* ‘On  the  Development  of  Antedon  rosaceus’  in  “Philos.  Transact.”  for 
1865,  p.  513. 

t ‘‘  Archiv.  f.  Mikrosk.  Anat.,”  Bd.  xii.,  p.  583. 

X The  general  results  of  the  Author’s  own  later  studies  of  this  most  interesting 
type  (the  key  to  the  life-history  of  the  entire  Geological  succession  of  Critwidea) 
are  embodied  in  a notice  communicated  to  the  “ Proceedings  of  the  Royal 
Society,”  for  1876,  p.  211,  and  in  a subsequent  note,  p.  451.  Of  the  further 
contributions  recently  made  to  our  knowledge  of  it,  the  Memoir  of  Dr.  H. 
Ludwig  ‘ Zur  Auatoraie  der  Cidnoideeu’  (Leipzig,  1877),  forming  imrt  of  his 
“ Morphologische  Studien  an  Echiuodennen,”  is  the  most  important. 
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POLTZOA  AND  TUNICATA. 

547.  At  the  lower  extremity  of  the  great  series  of  Molluscous 
animals,  we  find  two  very  remarkable  groups,  whose  mode  of  life 
has  much  in  common  with  Zoophytes,  whilst  their  type  of  struc- 
ture is  comfm-mable  in  essential  particulars  to  that  of  the  true 
Mollusks.  These  animals  are  for  the  most  part  microscoj)ic  in 
their  dimensions  ; and  as  some  members  of  both  these  groups  are 
found  on  almost  every  coast,  and  are  most  interesting  objects  for 
anatomical  examination,  as  Avell  as  for  observation  in  the  living 
state,  a brief  general  account  of  them  will  be  here  appropriate. 

548.  PoLYZOA. — -The  group  which  is  known  under  this  name  to 
British  naturalists  (corresponding  with  that  which  by  Continental 
Zoologists  is  designated  Bryozoa)  was  formerly  ranked  as  an  order 
of  Zoophytes  ; and  it  has  been  entirely  by  Microscopic  study  that 
its  comparatively  high  organization  has  been  ascertained. — The 
animals  of  the  Polyzoa,  in  consequence  of  their  universal  tendency 
to  multijDlication  by  gemmation,  are  seldom  or  never  found  solitary, 
but  form  clusters  or  colonies  of  various  kinds;  and  as  each  is 
enclosed  in  either  a horny  or  a calcareous  sheatb  or  ‘ cell,’  a com- 
IDOsite  structure  is  formed,  closely  corresponding  with  the  ‘ poly- 
pidom’  of  a Zoophyte,  which  has  been  appropriately  designated 
the  polyzoavy.  The  individual  cells  of  the  polyzoary  are  sometimes 
only  connected  with  each  other  by  their  common  relation  to  a 
creeping  stem  or  stolon,  as  in  Layuncula  (Plate  xxii.) ; but  more 
frequently  they  bnd-forth  directly,  one  from  another,  and  extend 
themselves  in  different  directions  over  plane  surfaces,  as  is  the 
case  with  Flustrce,  Le'pralice,  &c.  (Fig.  380) ; whilst  not  unfre- 
quently  the  polyzoary  develoj)es  itself  into  an  arborescent  structure 
(Fig.  381),  which  may  even  present  somewhat  of  the  density  and 
massiveness  of  the  Stony  Corals.  Each  individual,  designated  as 
a polypide  or  polype-like  animal,  is  composed  externally  of  a sort 
of  sac,  of  which  the  outer  or  tegumentary  layer  is  either  simph" 
membranous,  or  is  horny,  or  in  some  instances  calcified,  so  as 
to  form  the  cell;  this  investing  sac  is  lined  by  a more  delicate 
membrane,  which  closes  its  orifice,  and  which  then  becomes 
continuous  with  the  wall  of  the  alimentary  canal ; this  lies  freely 
iu  the  visceral  sac,  floating  (as  it  were)  in  the  liquid  which  it 
contains. 
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549  The  principal  features  in  the  structure  of  this  o-roun  will 
bo  best  understood  from  the  examination  of  a characte3eTv 
ample,  such  as  the  Laguncida  repens ; which  is  shown  in  the  state 
ot  expansion  at  a,  Plate  xxn.,  and  in  the  state  of  cont^-actLn t? 


Fig.  380. 


Ceils  of  LepraUce:~x,  L.  Humlmanni;  b,  L.  Jigularis ; c,  L.  verrucosa. 

whkh  L cloStJ'i-l  1^7  a circle  of  tubular  tentacler,, 

w"a?e  “"T  ‘aataoles,  in  the  apeciee 

other  iuTaulT®^^  ““amber,  but  in  some 

Uiner  instances  they  are  more  numerous.  By  the  ciharv  invest- 

tTose  at  once  distinguishable  from 

and  with  which^ they  bear  a superficial  resemblance, 

whilst  still  vTTiV 

Ts  SlwiS  Zoophytes,  they  were  characterized 

which  is  teS^  tentacula  are  seated  upon  an  annular  disk, 
visceral  or  forms  the  roof  of  the 

the  interior^of  extends  itself  into 

phore  as  is  shown  perforations  in  the  lopho- 

tentacular  circle  on  xxn.,  representing  a portion  of  the 

internal  canals  c larger  scale,  a u being  the  tentacula,  & 6 their 
anefe  its  reWP  ^ tentacula,  d the  lophophore, 

ihe  lopho?W  the  centre  of 

pharvmxT  wHef  at  a,  leads  to  a funnel-shaped  cavity  or 

at  c-  and  this  mso ^ from  the  oesophagus,  d,  by  a valve 

a considenhlo  + the  stomach  e,  which  occuijies 

a considerable  part  of  the  visceral  cavity.  (In  the  BmverbanJcia 
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and  some  other  Polyzoa,  a muscular  stomach  or  gizzard  for  the 
trituration  of  the  food  intervenes  between  the  oesophagus  and  the 
trne  digestive  stomach.)  The  walls  of  the  stomach,  h,  have  con- 
siderable thickness  ; and  they  are  beset  with  minute  follicles,  which 
seem  to  have  the  character  of  a rudimentary  liver.  This,  however, 
is  more  obvious  in  some  other  members  of  the  group.  The  stomach 
is  lined,  especially  at  its  upper  part,  with  vibratile  cilia,  as  seen  at 
c,  g ; and  by  the  action  of  these  the  food  is  kept  in  a state  of 
constant  agitation  during  the  digestive  process.  Prom  the  upper 
part  of  the  stomach,  which  is  (as  it  were)  doubled  upon  itself,  the 
intestine  t opens,  by  a pyloric  orifice,/,  which  is  funiished  with  a 
regular  valve  ; within  the  intestine  are  seen  at  7v  particles  of  excre- 
mentitious  matter,  which  are  discharged  by  the  anal  orifice  at  1. 
jS’o  special  circulating  apparatus  here  exists ; but  the  liquid 
which  fills  the  cavity  that  surrounds  the  viscera  contains  the 
nutritive  matter  which  has  been  prepared  by  the  digestive  opera- 
tion, and  which  has  transuded  through  the  walls  of  the  alimentary 
canal ; a few  corpuscles  of  irregular  size  are  seen  to  float  in  it. 
The  visceral  sacs  of  the  difi'erent  polypides  put  forth  from  the 
same  stem  appear  to  communicate  with  each  other.  No  other 
respiratory  organs  exist  than  the  tentacula ; into  whose  cavity 
the  nutritive  fluid  is  probably  sent  from  the  perivisceral  cavity, 
for  aeration  by  the  current  of  water  that  is  continually  flowing 
over  them. 

650.  The  production  of  gemmcn  or  buds  may  take  place  either 
from  the  bodies  of  the  polypides  themselves,  which  is  what  always 
happens  when  the  cells  are  in  mutual  apposition ; or  from  the  con- 
necting stem  or  ‘ stolon,’  where  the  cells  are  distinct  one  from  the 
other  as  in  Laguncula.  In  the  latter  case  there  is  first  seen  a 
bud-like  protuberance  of  the  horny  external  integument,  into 
which  the  soft  membranous  liniug'prolongs  itself ; the  cavity  thus 
formed,  however,  is  not  to  become  (as  in  Hydra  and  its  allies)  the 
stomach  of  the  new  zooid ; but  it  constitutes  the  chamber  sur- 
rounding the  digestive  viscera,  which  organs  have  their  origin  in  a 
thickening  of  the  lining  membrane,  that  projects  from  one  side  of 
the  cavity  into  its  interior,  and  gradually  shapes  itself  into  the 
alimentary  canal  with  its  tentacular  appendages.  Of  the  pro- 
duction of  gemmse  from  the  poHpides  themselves,  the  best  ex- 
amples are  furnished  by  the  FLustroi  and  their  allies.  Frorn  a 
single  cell  of  the  Flustra,  five  such  buds  may  be  sent-off,  which 
develope  themselves  into  new  polypides  around  it ; and  these,  in 
their  turn,  produce  buds  from,  their  unattached  margins,  so  as 
rapidly  to  augment  the  number  of  cells.  To  this  extension  there 
seems  no  definite  limit ; and  it  often  happens  that  the  cells  in  the 
central  portion  of  the  leaf-like  expansion  of  a Flustra  are  devoid 
of  contents  and  have  lost  their  vitality,  whilst  the  edges  are  in  a 
state  of  active  growth. — Independently  of  their  propagation  by 
gemmation,  the  Polyzoa  have  a true  sexual  generation  ; the  sexes, 
however,  being  usually,  if  not  invariably,  united  in  the  same 
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polypicles.  The  sperm-cells  are  developed  in  a glandular  body  tlm 
testis  m which  lies  beneath  the  base  of  the  stonmch ; when  ma W 

in^tbp  spermatozoa  2 ?z,  which  swims  freely 

nliV  visceral  cavity.  The  ova,  on  the  other  hand 

are  formed  in  an  ovarium  n,  which  is  lodged  in  the  membmne 
® tegiimentary  sheath  near  its  outlet ; the  ova  havino- 
escaped  from  this  the  visceral  cavity,  as  at  o,  are  fertilized  by 
the  spermatozoa  which  they  there  meet  with  ; and  are  finally  dii 

at_?i,  beneath  the  tentacular  circle.  ^ 

55L  ihese  creatures  possess  a considerable  number  of  muscles 

whv  pi’ojected  from  their  sheaths,  or  drawn 

within  _ them ; of  these  muscles,  r,  s,  t,  u,  v,  w,  x,  the  direction 
and  points  of  attachment  sufficiently  indicate  the  uses ; they  are 
for  the  most  part  retractors,  serving  to  draw-in  and  double-uii  the 
W of the  circle  of  tentacula,  and  to  close  the  aper- 
[ntn  sheath,  when  the  animal  has  been  completely  withdrawn 
into  its  interior.  The  projection  and  expansion  of  the  animal  on 
the  contrary  appear  to  be  chiefly  accomplished  by  a general  pres- 
sure  upon  the  sheath  which  will  tend  to  force-out  all  that^can 
be  expelled  from  it.  The  tentacles  themselves  are  furnished  with 
distinct  muscular  fibres,  by  which  their  separate  movements  seem 
to  be  produced.  At  the  base  of  the  tentacular  circle,  just  above 

f is  a nervous 

.^an  hon  as  yet  no  branches  have  been  distinctly  seen  to  be  con- 
nected mth  it  in  this  species;  but  its  character  is  less  doubtful  in 
some  other  Polyzoa.  Besides  the  independent  movements  of  the 
individual  polyjDides,  other  movements  may  be  observed,  which  are 
perfoimed  by  so  many  of  them  simultaneously,  as  to  indicate  the 

sucf  connecting  aaency 

1 1.S  affirmed  by  Dr.  Pritz  Miiller,*  is  furnished  by  what  hi  teimsl 
colonial-nervous  system.’  In  a Serialaria  having  a wSnS 
polyzoary  that  spreads  itself  on  sea-weeds  over  a space  of  three  or 

luVe'^Sn^oWr  t nervous  ganglipn  maybe  distinguished 
i^in  of  each  branch,  and  another  ganglion  at  the  oricrin  of 

each  polypide-bud;  all  these  ganglia  being  connected  together  not 
merely  by  pnncipal  trunks,  but"  also  by  plexuseTof  nlrvtfibie^^^ 
which  may  be  distinctly  made-out  with  the\aid  of  oLmTc  acid  in 
the  cylindrical  pints  of  the  polyzoary.  His  views,  h^evel  havl 
wbif^fi^  ^universally  accepted ; some  observers  still  maintainiim  that 
«ve-fibres  are  only  connective  tissul  " 

mats'*  are  tbp  ^^ustrce  or  ‘ sea- 

Ssemblini  inT  1^^'®®®^^  expanded  surfaces, 

resemblin  in  form  those  of  many  sea-weeds  (for  which  thev  are 

Ifivfoa  nowe®""  ’ f Jibiting,  when  viewed  with  even  a low  ma-- 

them  real  network,  which  at  once  indicates 

was  calculated  by  ir.  GraS,  kat  alTIfngfo  sqtle  fo'c\i  of  a^ 
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ordinary  Flustra  contains  1800  such  cells,  and  as  an  average  speci- 
men presents  about  10  square  inches  of  surface,  it  will  consist  of 
no  fewer  than  18,000  polypides.  The  want  of  transparence  in  the 
cell-wall,  however,  and  the  infrequency  with  which  the  animal  pro- 
jects its  body  far  beyond  the  mouth  of  the  cell,  render  the  Polyzoa 
of  this  genus  less  favourable  subjects  for  microscopic  examination 
than  are  those  of  the  JJowerhanlcia,  a Polyzoon  with  a trailing  stem 
and  separated  cells  like  those  of  Laguncula,  which  is  very  commonly 
found  clustering  around  the  base  of  masses  of  Flustrm.  It  was  in 
this  that  many  of  the  details  of  the  organization  of  the  interesting 
group  we  are  considering  were  first  studied  by  Dr.  A.  Farre,  who 
discovered  it  in  1837,  and  subjected  it  to  a far  moi'e  minute  exami- 
nation than  any  Polyzoon  had  previously  received  ;*  and  it  is  one 
of  the  best-adapted  of  all  the  marine  forms  yet  known,  for  the 
display  of  the  beauties  and  wonders  of  this  type  of  organization. — 
The  HaloclacUjlus  (formerly  called  Alcyonidium),  howevea*,  is  one 
of  the  most  remarkable  of  all  the  marine  forms  for  the  compara- 
tively large  size  of  the  tentacular  crowns ; these,  when  expanded, 
being  very  distinctly  visible  to  the  naked  eye,  and  presenting  a 
spectacle  of  the  greatest  beauty  when  viewed  under  a sufficient 
magnifying  powei'.  The  polyzoary  of  this  genus  has  a spongy 
aspect  and  texture,  very  much  resembling  that  of  certain  Alcyonian 
Zoophytes  (§  529),  for  which  it  might  readily  be  mistaken  when  its 
contained  animals  are  all  withdrawn  into  their  cells ; when  these 
are  expanded,  however,  the  aspect  of  the  two  is  altogether  different, 
as  the  minute  plumose  tufts  which  then  issue  from  the  surface  of  the 
Halodactylus,  making  it  look  as  if  it  were  covered  with  the  most 
delicate  downy  film,  are  in  striking  contrast  with  the  larger,  solid- 
looking polypes  of  the  Alcyonium.  The  opacity  of  the  polyzoary 
of  the  Halodactylus  renders  it  quite  unsuitable  for  the  examination 
of  anything  more  than  the  tentacrdar  crown  and  the  oesophagus 
which  it  surmounts  ; the  stomach  and  the  remainder  of  the  visceral 
apparatus  being  always  retained  within  the  cell.  It  furnishes, 
however,  a most  beautiful  object  for  the  Binocular  Microscope,  when 
mounted  with  all  its  polypides  expanded,  in  the  manner  described 
in  § 521. — Several  of  the  fresh-water  Polyzoa  are  peculiarly  inte- 
resting subjects  for  Microscopic  examination ; ahke  on  account  of 
the  remarkable  distinctness  with  which  the  various  parts  of  their 
organization  may  be  seen,  and  the  very  beautiful  manner  in  which 
their  ciliated  tentacula  are  arranged  upon  a deeply-crescentic  or 
horseshoe- shaped  Zop/iopkore.  By  this  peculiarity  the  fresh-water 
Polyzoa  are  separated  as  a distinct  sub-class  from  the  marine;  the 
former  being  designated  as  Hiiipocrepia  (horseshoe-like),  while  the 
latter  are  termed InfuncUhulata  (funnel-like).  The  cells  of  the  Hippo- 
crepia  are  for  the  most  part  lodged  in  a sort  of  gelatinous  sub- 
stratum, which  spreads  over  the  leaves  of  ac[uatic  plants,  sometimes 
forming  masses  of  considerable  size ; but  in  the  very  curious  and 

* See  his  Memoir  ‘On  the  Minute  Structure  of  some  of  tlie  higher  foniis  of 
Polypi,’  in  the  “ Pljilosophieul  Transactions’’  for  1837,  p.  387. 


CXASSIFIOATIOS  OF  MARINE  POLYZOA.  653 

beautiful  GristateUa,  the  nolvzoarv  i i 

capable  of  moving  freely  through  the  water™  ^ ™ 

ooo.  iJic  Infundihulata  or  IVIarine  Polv^m  /.raw  +-a  a- 
the  most  numerous  division  of  the  rla  far 

Orders,  as  follows:-,.  *»■' 

cell  in  sub-terminal,  01-  not  quite  at  its  extremity  ?Fi"%sm*'^® 

somewhat  crescentic  in  form  and  is 

rally  membranous)  lip.  wSrcll^rwhlTS^^ 

This  includes  a large  part  of  the  snecies  tlnf  retreats, 

own  coasts,  notwithstanding  thed  wide 
habit.  Thus  the  polvzoaries  of  sLTf^  P/d  f T and 

flexible,  whilst  thSse^of  oUieis  (as  S.ctrfa 

penetrated  with  calcareous  matter  atto  be  quite  iSr^Tn^ 

as  independent  plant-like  structures  rns  7 ° ? Iry  ® 

whUst  others,  having  a liL 

faces  of  rocks  or  stones  (as  uffiuuoi/ioul  • onrl  rv+if ^ the  sur- 
their  cells  in  close  apposition  aifd  fnrm  n‘.  again,  have 

definite  figure  (as  is  the  case  with  T^>  possess  no 

n.  The  second  iMelZ:Z  oZfs^  oTtlSZrt-T 
ha^  the  mouth  at  the  termination  of  tubular  calen^n  ^ 

without  any  moveable  appendage  or  lip  (Ficr  3«i')  giu,- 

comparatively  small  number  of  o-enern  raf  "u-  This  includes  a 
lipora  contain  the  largest  proportion  of  thi  ^Decles  that  oe?^^ 
own  coasts.— III.  The  distinguishino-  chaiac?? 

Gtenosomata,  is  derived  from  fbe  lavae-n  third  order, 

fringe  of  brikles  iXecM  bXX  IcX  “ 

mouth  of  the  cell,  when  the  anfmal  fo  pi-qjeetSroXt^'rf  • 

being  drawn-m  when  the  animal  is  retracted  Th?  P ’1 

this  group  are  very  various  in  characSr  A.  ..ii  i .^"^y^oaries  ot 

horny  and  separate  (as  in  Laguncula  Ld  Boiotlll^S 

fleshy  and  coalescent  (as  in  Halodactylus).~d^ 

PediceZfeiece,  which  includes  only  a single  o-enus 
lophophore  is  produced  upwards  on  tbp  ’/+T  i 

uniting  them  at  their  base  inTsnvf^f  i tentacles, 

to  the  animal  when  expanded  <?nTnu-nU  and  giving 

bell,  like  that  of  Vorticllla  (Fio-  30^1  *'11  inverted 

resemble  Hydroid  ZooXtes  ?Vbp- altogethei 
same  localities,  it  is  not  JSu^si  e the 

already  been  said  (§  621),  respecting  the 
mounting  of  this  very  interesting  clSs  of  0^^^'''^“'''^'°''^ 

. . arge  proportion  of  the  Polyzoa  of  the  first  Order  are 

Tolyzoa,”  pubiishef^by  theXv^Society.^lsf^^^^^  British  Fresh-water 

rolj^oa^see'XfXn  SSeu-^  XdielcE  of  the  Marine 

d Ostende,’  in  “Mdin.  do  I’YAcad.  liov  do  Rn,v»ir  l^’^ozoaires  de  la  Goto 
“ Catalogue  of  the  Marine  PolyzoaTn  tl^  P^twr  ^ i ^^r.  G.  Busk’s 

Mr.  Hincks’s“  British  Marine  iXoa ’>  Jsi  ) T 1 Bntish  Museum;” 
Ivenntniss  der  B.yozodn,’  in  “Zeitsdirift  f.  wiL’  zSol  ” Bdo  ^x 
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furnished  with  very  peculiar  motile  appendages,  which  are  of  two 
kinds,  avimlaria  and  vihracula.  The  avicularia  or  ‘ hird’s-head 
processes,’  so  named  from  the  striking  resemblance  they  present 
to  the  head  and  jaws  of  a bird  (Fig,  381,  n),  are  generally 


Fig.  381. 


‘sessile’  upon  the  angles  or  margins  of  the  cells,  that  is,  are 
attached  at  once  to  them  without  the  intervention  of  a stalk,  as 
at  A,  being  either  ‘projecting’  or  ‘immersed;’  but  in  the  genera 
Bugnla  and  JBicellaria,  where  they  are  present  at  all,  they  are 
‘ pedunculate,’  or  mounted  on  footstalks  (n).  Under  one  fomi  or 
the  other,  they  are  wanting  in  but  few  of  the  genera  belonging  to 
this  order ; and  their  presence  or  absence  furnishes  _ valuable 
characters  for  the  discrimination  of  species.  Each  avicularium 
has  two  ‘mandibles,’  of  which  one  is  fixed,  like  the  upper  jaw  of  a 
bird,  the  other  moveable,  like  its  low'er  jaw  ; the  latter  is  opened 
and  closed  by  two  sets  of  muscles  which  arc  seen  in  the  intenor  ot 
the  ‘ head  ;’  and  between  them  is  a peculiar  body,  furnished  with 
a pencil  of  bristles,  which  is  probably  a tactile  organ,  being  brought 
forwards  when  the  mouth  is  open,  so  that  the  bristles  project 
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beyond  it,  and  beincf  drawn-back  wbpn  ti  i i 

avicularia  keep-ui^  a continual  snappinfr  acS^  ® 
the  polyzoavy ; and  they  mav  o?£n  £ V of 

minute  Worms  or  other  todies^  sometiLs  eTOrcUbi“uo‘’o°“tf' 
beaks  of  adjacent  organs  of  the  same  kind,  as  shown  at  b T?  *1*° 
pedunculate  forms,  besides  the  sTnnr>i’r.n-  u.  In  the 

rhythmical  nodding  of  the  head  upo£  the  stalk- ^an?£  ^ 

are  more  curious^hau  a portiL  of 

avicularia  (a  very  common  British  sueciesl  in  n 

vitality,  when  viewed  under  a power£ufficientlv  In^  of  active 

number  of  these  bodies  to  be  ifsTgL  afrce'^  " 

doubtful  what  is  their  nreci^e  ^ 

animal,  whether  it  is  t?  S?n 

cumnt  bodies  that  may  serve  as  food;  or  whetW  it  i?°rf'‘?P 
Pedicellanm  of  Echini  (8  534)  to  remnvp  ov-f . ^ 

may  be  in  contact  with  the  surface  of  the  pdyzoLV^‘^^^^^^^ 

brlt-sS”d‘:r^Lf,Fil"TJra)°LSr““*’ 

op  of  a sfrt  of  mTsir'CT'”!  S‘ 

sirfaw  of  tfe“  oolTsr careWIy  oyer'^  the 
tothedeUoate  inLbiStrof  t™°™lf  when  Sr*t^  t“P™"'’ 

SeSy  Mr°tsl  loV;S 

enclosure  of  their  b Jd^ira^r^tmiV ''r'v,  ™ 
or  even  oartilagLons  ?n  its  t«tu?e  and 

includes  calcareous  spicules  whosrformf'  ^ commonly 

They  present  a strong  resembW  toX  p!.!  “ ''"‘7 

Polyzoa,  by  the  presence  of  a dir 

SO  interesting  to  watch  amono-  +1  P 1 retraction  which  it  is 
tion  of  the  Salpidce  and  nthl  fl  P-  ’ '''^^i^st,  with  the  excep- 
found  in  seas  warmer  than  thncip  species  which  are  chiefly 

curious  ednpSXwu  £ 1 f ^^^V^’^^’^ound  our  coast,  and  thi 
rooted  to  S lot  560),  they  are 

The  larger  foms  of  the  liw  • P®"®<^  ^^^ir  lives. 

laris?™!  Pof?  »'  «»  Avion- 

Ser.  2,  Vol.  ii.  (1854),  p.  26.  ^ ^ «’y^oa,  in  “Transact,  of  Microsc.  Soc.,” 
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of  the  class,  are  always  solitary;  either  not  propagating  by  gem- 
mation at  all,  or,  if  this  process  does  take  place,  the  gemmae  being 
detached  before  they  have  advanced  far  in  their  development. — 
Although  of  special  importance  to  the  Comijarative  Anatomist 
and  the  Zoologist,  this  group  does  not  afford  much  to  interest  the 
ordinary  Microscopist,  excejot  in  the  peculiar  actions  of  its 
respiratory  and  circulatory  apparatus.  In  common  with  the 
composite  forms  of  the  group,  the  solitary  Ascidians  have  a large 
branchial  sac,  with  fissured  walls,  resembling  that  shown  in 
Figs.  382  and  384 ; into  this  sac  water  is  admitted  by  the  oral 
orifice,  and  a large  proportion  of  it  is  caused  to  pass  through  the 
fissures,  by  the  agency  of  the  cilia  with  which  they  are  fringed, 
into  a surrounding  chamber,  whence  it  is  expelled  through  the 
anal  orifice.  This  action  may  be  distinctly  watched  through  the 
external  walls  in  the  smaller  and  more  transparent  species ; and 
not  even  the  ciliary  action  of  the  tentacles  of  the  Polyzoa  affords  a 
more  beautiful  spectacle.  It  is  peculiarly  remarkable  in  one  species 
that  occurs  on  our  own  coasts,  the  Ascidia  parallelogramma,*  in 
which  the  wall  of  the  branchial  sac  is  divided  into  a number  of 
areolm,  each  of  them  shaped  into  a shallow  funnel;  and  round  one 
of  these  funnels  each  branchial  fissure  makes  two  or  three  turns  of 
a spiral.  When  the  cilia  of  all  these  spiral  fissures  are  in  active 
mo’sement  at  once,  the  effect  is  most  singular. — Another  most 
remarkable  phenomenon  presented  throughout  the  group,  and  well 
seen  in  the  solitary  Ascidian  just  referred-to,  is  the  alternation 
in  the  direction  of  the  Circulation.  The  heart,  which  lies  at  the 
bottom  of  the  branchial  sac,  is  composed  of  two  chambers  im- 
perfectly divided  from  each  other  ; one  of  these  is  connected  with 
the  principal  trunk  leading  to  the  body,  and  the  other  with  that 
leading  to  the  branchial  sac.  At  one  time  it  will  be  seen  that  the 
blood  flows  from  the  respiratory  apparatus  to  the  cavity  of  the 
heart  in  which  its  trunk  terminates,  which  then  contracts  so  as  to 
drive  it  into  the  other  cavity,  which  in  its  turn  contracts  and  pro- 
pels it  through  the  systemic  trunk  to  the  body  at  large ; but  after 
this  course  has  been  maintained  for  a time,  the  heart  ceases  to 
pulsate  for  a moment  or  two,  and  the  course  is  reversed,  the  blood 
flowing  into  the  heart  f rom  the  body  generally,  and  being  propelled 
to  the  branchial  sac.  After  this  reversed  course  has  continued  for 
some  time,  another  pause  occurs,  and  the  first  course  is  resumed. 
The  length  of  time  intervening  between  the  changes  does  not  seem 
by  any  means  constant.  It  is  usually  stated  at  from  half-a-minute 
to  two  minutes  in  the  composite  forms  ; but  in  the  solitary  Ascidia 
faralleloqramma  (a  species  very  common  in  Lamlash  Bay,  Arran), 
the  Author  has  repeatedly  observed  an  interval  of  from  five  to 
fifteen  minutes,  and  in  some  instances  he  has  seen  the  circulation 
go-on  for  half-an-hour,  or  even  longer,  without  change, — always, 
however,  reversing  at  last. 

» See  Alder  in  “ Ann.  of  Nat.  Hist.,”  3rd  Ser.,  Vol.  xi.  (1863),  p.  137 ; and 
Hancock  in  “ Jonrn.  of  Linn.  Soc.,”  Vol.  ix.  p.  333. 
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to  Sea-weed?Zoop“yt^s!MrXnMXtwSTh^^^^^ 

they  present  objects  of  great  interest  to  the 

the  small  size  and  transparence  of  their  bodira  Xn‘’they™re 

Fig.  382, 


Compouna  mass  of  Amoroudum  prollfernm 
AN  ith  the  anatomy  of  a single  zooid  ; — a,  thorax  • 
B,  abdomen;  c,  post-abdomen  ;—c,  oral  orifice  ’ 

r ; h anal  orifice  • 

^ overhanging  it;  j,  nervous  gan- 

hllforx  ^ stomach  siu-rounded  b\- 

bi  laiy  tubuU  ; m,  intestine;  termination  of 
intestine  in  cloaca;  o,  heart;  o',  pericardium- 
P,  ovanum ; p , egg  ready  to  escape ; o,  testis  •’ 

£ trcTora."'^^'^'^  '•'.terminationVth^  cati 

Uetached  from  the  mass  in  which  they 
are  imbedded,  not  only  enables  their 

discerned  Avithout 
dissection,  but  allows  many  of  their  livina- 
actions  to  be  watched.  Of  these  we  have 

. V^  ohfenim ; of  which  the  form  of  the  com- 
posite  mass  and  the  anatomy  of  a single 
irfdmdual  are  displayed  in  Fie-.  382  Its 

■mat^rh-fv'''*  comiJtelyinani- 

when  irritated ; but  if  they  be  placed  Avhen 
■ sea- water,  a slight  pouting  of  the 

stanf  n "l^  P®^<^®Ptible,  and  a con- 

- stant  and  energetic  series  of  currents  ivill 

•be  found  to  enter  by  one  set  and  to  be 
lected  by  the  other,  indicating  that  all 
:Fe  machinery  of  active  life  is  going-on 

r h . 1 .^P^t^etic  bodies.  " In 

nbe  of  Poluclmmus  to  which  this  genus 
-elongs,  the  body  ig  elongated,  and  miy 

u u 2 
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be  divided  into  three  regions,  the  thorax  (a)  which  is  chiefly 
occupied  by  the  respiratory  sac,  the  abdomen  (h)  which  contains 
the  digestive  apparatus,  and  the  post-abdomen  (c)  in  which^ 
the  heart  and  generative  organs  are  lodged.  At  the  summit  of 
the  thorax  is  seen  the  oral  orifice  c,  which  leads  to  the  branchial 
sac  e ; this  is  perforated  by  an  immense  number  of  slits,  which 
allow  part  of  the  water  to  pass  into  the  space  between  the 
branchial  sac  and  the  muscular  mantle,  where  it  is  especially  col- 
lected in  the  thoracic  sinus/.  At  h is  seen  the  oesophagus,  which 
is  continuous  with  the  lower  part  of  the  pharyngeal  cavity  ; this 
leads  to  the  stomach  Z,  which  is  surrounded  by  biliary  follicles ; 
and  from  this  passes-off  the  intestine  m,  which  terminates  at  n in 
the  cloaca,  or  common  vent.  A current  of  water  is  continually 
drawn -in  through  the  mouth  by  the  action  of  the  cilia  of  the 
branchial  sac  and  of  the  alimentary  canal ; a part  of  this  current 
passes  through  the  fissures  of  the  branchial  sac  into  the  thoiacic 
sinus,  and  thence  into  the  cloaca  ; whilst  another  portion,  entering 
the  stomach  by  an  aperture  at  the  bottorn  of  the  x>haryngea/sac, 
passes  through  the  alimentary  canal,  giving  up  any  nutritive 
materials  it  may  contain,  and  carrying  away  with  it  anyexcremen- 
titious  matter  to  be  discharged;  and  this  having  met  the  respira- 
tory current  in  the  cloaca,  the  two  mingled  currents  pass  forth 
together  by  the  anal  orifice  The  long  post-abdomen  is  pnncipally 
occupied  by  the  large  ovarium,  p,  which  contain  ova  in  various 
stao-es  of  development.  These,  when  matured  and  set-free,  find 
them  way  into  the  cloaca;  where  two  large  ova  are  seen  (one 
marked  p',  and  the  other  immediately  below  it)  'spiting  for  expul- 
sion. In  this  position  they  receive  the  fertilizing  influence  from  the 
testis,  q,  which  discharges  its  products  by  the  long  sperrnatic  canal, 
that  opens  into  the  cloaca,  r'.  At  the  very  bottom  of  the^post- 
abdomen  we  find  the  heart,  o,  enclosed  in  its  pericardinm,  o . In 
the  group  we  are  now  considering,  a number  of  such,  animals  are. 
imbedded  together  in  a sort  of  gelatinous  mass,  and  covered  with 
an  integument  common  to  them  all;  the  composition  of  this 
tinous  substance  is  remarkable  as  including  Cellulose,_  which 
o-enerally  ranks  as  a Yegetable  product.  The  mode  in  which  new 
Tndividuals  are  developed  in  this  mass,  is  by  the  extension  of  stoloiis 
or  creeping  stems  from  the  bases  of  those  previously  epsting . 
and  from  each  of  these  stolons  several  buds  may  be  put-forth,  every 
one  of  which  may  evolve  itself  into  the  likeness  of  the  stock  from 
which  it  proceeded,  and  may  in  its  turn  increase  .pd  multiply  aftei 
the  same  fashion.  A communication  between  the  circulating  systems 
of  the  diflPerent  individuals  is  kept-up,  through  their  pnnecting 
stems  during  the  whole  of  life ; and  thus  their  relationship  to 
each  other  is  somewhat  like  that  of  the  several  polypes  on  the 
polypidom  of  a Gampanularia  (§  519). 

^ 557.  In  the  family  of  Didemnimis  the  post-abdomen  is  absent, 
the  heart  and  generative  apparatus  being  piped  by  the  side  ot  i 
intestine  in  the  abdominal  portion  of  the  body.  Ihe  zooids  . 
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frequently  arranged  in  star-shaped  cluster«!  thpir  TTi-ii 

all  directed  towards  a oomoroi  ve,tt 
Ihis  shortening  is  still  more  remarkable,  however  in  fo 
Botnillmm,  whose  beautiful  stellate  gelatiuous  iucrStatas^am 
extiemely  common  upon  Sea- weeds  and  submerged  rocks  (Fig.  383). 


Fig.  383. 


Botryllus  vtolaceus  :-A,  cluster  on  the  surface  of  a Fucusi-b,  portion 
of  the  same  enlarged. 

animals  is  very  similar  to  that  of  the 
W already  described;  with  this  exception,  that  the 

body  exhibits  no  distinction  of  cavities,  all  the  organs  beino-  broucrht 
together  in  one,  which  must  be  considered  as°thoracic."  In  this 
speS%^^®''®  approximation  towards  the  solitary 

still  closer,  however,  in  the  ‘ social’ 
scidians,  oi  Uavdlimdce  ; in  which  the  general  plan  of  structure 

stolmslFi?  the  zooids  are  simply  oonnectedbytheir 

ment  in  f?at  included  in  a common  Wst- 

beiLthat  L^guncala  (§  549),  the  chief  difference 

tZ  lie  ia^e  f.mb'  *a  «s.place  through  the  stolon  in 

tne  one  case,  such  as  has  no  existence  in  the  other.  A better 

sSJ-celv^be^fLnd’^+f^^^+w  actions  of  the  Ascidians  can 

scarcely  be  found,  than  that  which  is  afforded  bv  the  ffenus  Pero- 

l>hora,  first  discovered  by  Mr.  Lister ; which  occurs  not  u5frequently 

especially  the  aXiiVablo^vJt™  i the  Compound  Ascidians,  see 

MLLisKMpmn^  Mihie-Edwards  ou  that  gi’oup; 

Polvni  anrl  rCf  A ’I-  ^ aud  Functions  of  Tubular  and  Oellulur 

onteprif  T S^;V“  “11  “S"'"-  1834,  and  the  At  4"«' 

, y of.  1 . Rupert  Jones,  m the  “Oyclopiedia  of  Anatomy  aud  Physiology.” 
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on  the  south  coast  of  England  and  in  the  Irish  Sea,  living  attached 
to  Sea-weeds,  and  looking  like  an  assemblage  of  minute  globules  of 
jelly,  dotted  with  orange  and  brown,  and  linked  by  a silvery  wind- 
ing thread.  The  isolation  of  the  body  of  .each  zooid  from  that  of 
its  fellows,  and  the  extreme  transparence  of  its  tunics,  not  only 
enable  the  movements  of  fluid  within  the  body  to  be  distinctly  dis- 
cerned, but  also  allow  the  action  of  the  cilia  that  border  the  slits  of 
the  respiratory  sac  to  be  clearly  made-out.  This  sac  is  perforated 
with  four  roAvs  of  narrow  oval  openings,  through  which  a portion 

Fig.  384. 


A,  Group  of  Peropliora  (enlarged),  growing  from  a common  stalk : — 

II,  single  Peropliora ; a,  test;  b,  inner  sac;  c,  branchial  sac,  attached  to 
tlie  inner  sac  along  the  lino  c'  c';  e e,  linger-like  processes  projecting 
inwards ; cavity  between  test  and  iuteraal  coat ; /',  anal  orifice  or 
funnel;  (/,  oral  orifice,-  r/',  oral  te.ntacula;  7/,  doAvnward  stream  of  food ; 
h',  oisopiiagus;  stomacli ; Ic,  vent;  7,  ovary  (?);  it,  vessels  connect- 
ing the  circulation  in  the  body  Avith  that  in  the  stalk. 

of  the  water  that  enters  its  oral  orifice  (g)  escapes  into  the  space 
between  the  sac  and  the  mantle,  and  is  thus  discharged  immediately 
by  the  anal  funnel  (/).  Whatever  little  particles,  animate  or  in- 
animate, the  current  of  water  brings,  floAV  into  the  sac,  unless 
stopped  at  its  entrance  by  the  tentacles  (g'),  Avhich  do  not  appear 
fastidious.  The  particles  Avhich  are  admitted  usually  lodge  sonie- 
Avhere  on  the  sides  of  the  sac,  and  then  travel  horizontal!}'-  until 
they  arrive  at  that  part  of  it  doAvn  Avhich  the  current  proceeds  to 
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observed  darting  4„Tta  ^^e  cav^^t^  fo  r^f'^  “-’7®'  ““r™  '>“0 

apparent  injnry  either  to  themselvej or  to  t™  crSurrwhTb 
closes  them.  In  o-eneral  hnwPt7ov  ^ ^ i which  en- 

reception  into  the'^stomach  are  reiected  bt 

ot  the  mantle  (or  muscular  tn mV  1 tLo  i contraction 

cbsed,  so  thatVuey  rt^Toni'  by\™  ,Jerf5  t trtTro ‘T 

the  oral  pnfice.-The  enrions  alternation TIhe  eireu7at?oVfb^l®’ 
characteristic  of  tho  nVeso  n..  ,c>  cuculation  that  is 


characteristic  of  the  Class  leS  %n  ^^^’'^Vl^tion  that  is 


S erarfe”^0'™ 

j’ by  a ligltnre  ■ an7?ie“  VearShi!^^^^  retnSf 

are  ^ages  of  which 

»“o'pT,*t'  ’’Afcr‘%r7d’^““”“""  m„ol1nlerett%o  T W 
whereby, a ■ mulberry”  ZtocltTlsri^Tort  of“' 

"raduallv  ^ pi  elongation  from  one  side  of  the  yolk,  which 

very  much  thp  n ^ escapes ; and  in  this  condition  it  presents 
ou/  a,nd  tadpole,  the  tail  being  straiSlitened 

: SnZin"a^S‘^  a SSe^ 

some  hours  wi»i°or,  o *■•  sucker.  After  swimmiug-about  for 

itself  to  some  sdhl  hnf’^K  movement,  the  larva  attaches 

• tSd  from  V ^ -7  of  fl^ose  suckers  ; if  dis- 

■ «oon  complete]}  loses"’  }s  activitv"'“"  m "‘ 
attached-  nnfl  Va.ara  .i-  activity,  and  _ becomes  permanently 

> - important  changes  manifest  themselves  in  its 
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interior.  The  prolonp;ations  of  the  central  yolk-snhstance  into  the 
anterior  pi-ocesses  ami  tail  are  gradually  drawn  back,  so  that  the 
whole  of  it  is  concentrated  into  one  mass  ; and  the  tail,  now  con- 
sisting only  of  the  gelatinous  envelope,  is  cither  detached  entire 
from  the  body  by  the  contraction  of  the  connecting  portion,  or 
withers,  and  is  thrown-oii  gradually  in  shreds.  The  shajiiug  of 
the  internal  organs  out  of  the  yolk-mass  takes-place  very  rapidly, 
so  that  by  the  end  of  the  second  day  of  the  sedentary  state  the 
outlines  of  the  branchial  sac  and  of  the  stomach  and  intestine  may 
be  traced  ; no  external  orifices,  however,  being  as  yet  visible.  'J’he 
pulsation  of  the  heart  is  first  seen  on  the  third  da}',  and  the  forma- 
tion of  the  branchial  and  anal  orifices  takes-place  on  the  fourth  ; 
after  which  the  ciliary  currents  are  immediately  established  through 
the  branchial  sac  and  alimentary  canal. — The  embr3'onio  develop- 
ment of  otlier  Ascidians,  solitary  as  well  as  composite,  takes-place 
on  a plan  essentially  the  same  as  the  foregoing,  a free  tadpole-like 
larva  bcin^  always  produced  in  the  first  instance.* *• 

r>G0.  This  larval  condition  is  represented  in  a very  curious  adult 
free-swimming  form,  termed  Appendicidaria,  which  is  frecpiently 
to  be  taken  with  the  Tow-net  on  our  own  coasts.  This  animal  has 
an  oval  or  flask-like  body,  which  in  large  specimens  attains  the 
length  of  one-fifth  of  an  inch,  but  which  is  often  not  more  than 
one-fourth  or  oue-tifth  of  that  size.  It  is  furnished  with  a tail- 
like appendage  three  or  four  times  its  own  length,  broad,  flattened, 
and  rounded  at  its  extremity  ; and  by  the  powerful  vibrations  of 
this  appendage  it  is  propelled  rapidly  through  the  water.  The 
structure  of  the  body  differs  greatly  from  that  of  the  Ascidians.  its 
plan  being  much  simpler ; in  particular,  the  pharyngeal  sac  is 
entirely  destitute  of  ciliated  branchial  fissures  opening  into  a sur- 
rounding cavity;  but  two  canals,  one  on  either  side  of  the  entrance 
to  the  stomach,  are  prolonged  from  it  to  the  external  surface.;  and 
by  the  action  of  the  long  cilia  with  which  these  ai*e  furnished,  in 
conjunction  with  the  cilia  of  the  branchial  sac,  a current  of  water 
is  maintained  through  its  cavity.  From  the  observations  ot  Prot. 
Huxley,  however,  it  appears  that  the  direction  of  this  current  is 
by  no  means  constant ; since,  although  it  usually  enters  by  the 
mouth  and  passes-out  by  the  ciliated  canals,  it  sometin\es  enters  by 
the  latter  and  passes-out  by  the  former.  The  caudal  appendage 


* The  study  of  the  dovelopmcut  of  Asculians  has  derived  a now  interest  and 
importance  from  the  discovery  made  by  Kowalevsky  in  that  their  frt»e- 

swimmiug  larwo  pivsent  a most  striking  parallelism  to  Vertebrate  embryoes, 
in  exhibiting  tho  beginnings  of  a spinal  marrow  and  a spinal  column ; thus 
bridging-over  the  gulf  that  was  supposed  to  se^virate  them  from  Invertebrata. 
and  (when  taken  in  connection  with  tho  curious  Ascidiau  affinities  of  Aviphi- 
O.VIIS,  tho  bnvest  Vertebrate  at  present  known")  affording  strong  reason  to 
believe  in  the  derivation  of  tho  Vertebrate  and  Tunicate  types  from  a common 
original.  See  his  Jifemoir  ‘ Entwiokeluugsgeschichte  der  einfachen  Ascidien, 
in  *‘M(5m.  St.  rdtersb.  Acad.  Sci.,”  Tom.  x.,  1SG7.  and  the  abstract  of  it  m 

*•  Q,uart.  Jonru.  Miorosc.  Sci.,” \ ol. x.,  N.S.  (1870), p.  ;>0  ; also  Trof.  Haeckels 
“ History  of  Creation,"’  Yol.  ii.  pp.  lo'.’,  200. 
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below  which  is  a riband-like  layer 
oi_  mnsculdi  libies,  a nervons  cord,  studded  a.t  intervals  With 
rainute  ganglia,  may  be  traced  along  its  whole  length.— By  Alertens 
one  ot  the  early  observers  of  this  animal,  it  wL  said  to  bTfur’ 
nished  with  a,  peculiar  gelatinous  envelope  or  JIaus  (house)  verv 
easily  detached  from  the  body,  and  capable  of  being  re-formed  after 

having  been  lost.  ISTotwithstanding  the  great  numLis^fspecT 

mens  which  have  been  studied  by  Muller,  Huxley  Lmckart  ^and 
Gegenbaur,  neither  of  these  excellent  observers  his  met  with  this 
appendage ; but  it  has  been  since  seen  by  Prof.  Allman  who 
describes  it  as  egg-shaped  gelatinous  mass,  in  which  thebodT  is 
imbedded,  the  tail  alone  being  free ; whilst  from  either  side  of  the 

S seems  to 

itseff  ^ semicircular  membranous  lamina  folded  upon 

Ip  . IS  surmised  by  Prof.  Allman,  with  much  probability 
ohat  this  curious  appendage  is  ‘ nidameutal,’  having  reference  to 

furtKr''".*  of  fhe  young;  button  this  poin? 

further  observations  are  much  needed  ; and  any  Microscopist  who 

furnished  with  its  ‘ house,’  should 

“ PhSs  Structure  of  Appendicularia,  see  Huxley  in 

rS  u 181  o n of  Microsc.  Science, t-  Vdl  iv 

(^ioob),  p.  181 ; also  Alltnan  in  the  same  Journal  Vo]  vii  tx  sic  n 

b.iur  in  Siebold  and  Kolliker’s  » Zeitschrift  >’  P 1 I?  M s W)  ® 

■;  Zoologische  Uulor,„oh,,„y„/.  He,?  ’ ISM  .id  ril?'  • 

Appendiclairea;  ie  Zool.  &pMm  ” Tim  i (Tsll)  p M -S?" 
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MOLLUSCOUS  ANIMALS  GENEKALLY. 

561.  The  various  forms  of  ‘ Shell-fish,’  with  their  ‘ naked’  or 
shelless  allies,  furnish  a great  abundance  of  objects  of  interest  to 
the  Microscopist ; of  which,  however,  the  gi’eater  part  may  he 
grouped  under  three  heads : — namely,  (1)  the  structure  of  the 
s/iell,  which  is  most  interesting  in  the  Conchieera  and  Brachiopoda, 
in  both  of  which  classes  the  shells  are  ‘ bivalve,’  while  the  animals 
differ  from  eacti  other  essentially  in  general  plan  of  structure; 

(2)  the  structure  of  the  tongue  or  'palate  of  the  Gasteropoda,  most 
of  which  have  ‘ univalve’  sliells,  others,  however,  being  ‘ naked ;’ 

(3)  the  developmental  history  of  the  embryo,  for  the  study  of  which 
certain  of  the  Gasteropods  present  the  greatest  facilities. — These 
three  subjects,  therefore,  will  be  first  treated  of  systematically ; and 
a few  miscellaneous  facts  of  interest  will  be  subjoined. 

562.  SlieUs  of  Mollusea. — These  investments  were  formerl}^ 
regarded  as  mere  inorganic  exudations,  composed  of  calcareous 
j)articles,  cemented  together  by  animal  glue  ; Microscopic  examina- 
tion, however,  has  shown  that  they  possess  a definite  structure, 
and  that  this  structure  presents  certain  very  remarkable  variations 
in  some  of  the  groups  of  which  the  Molluscous  series  is  composed. 
— We  shall  first  describe  that  which  may  be  regarded  as  the 
characteristic  structure  of  the  ordinary  Bivalves  ; taking  as  a type 
the  group  of  Margaritacece,  which  includes  the  Avicida  or  ‘ pearl- 
oyster’  and  its  allies,  the  common  Pinna  ranking  amongst  the 
latter.  In  all  these  shells  we  readily  distinguish  the  existence  of 
two  distinct  layers ; an  external,  of  a brownish-yellow  colour ; and 
an  internal,  which  has  a pearly  or  ‘ nacreous’  aspect,  and  is  com- 
monly of  a lighter  hue. 

563.  The  structure  of  the  outer  layer  may  be  conveniently 
studied  in  the  shell  of  Pinna,  in  which  it  commonly  projects  beyond 
the  inner,  and  there  often  forms  laminae  sufficiently  thin  and 
transparent  to  exhibit  its  general  characters  without  any  artificial 
reduction.  If  a small  portion  of  such  a lamina  be  examined  witii 
a low  magnifying  power  by  transmitted  light,  each  of  its  surfaces 
will  present  very  much  the  appearance  of  a honeycomb ; whilst 
its  broken  edge  exhibits  an  aspect  which  is  evidently  fibrous  to  the 
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eye,  but  which,  when  examined  undei-  the  hEicroscope  with  reflected 

° mf?  assemblage  of  segments  of  basaltic 
^ « (Fig.  4S8,  r).  This  outer  layer  is  thus  seen  to  be  com- 

posed ot  a vast  number  of  prisms,  having  a tolerably-uniform  size, 
and  usually  presenting  an  approach  to  the  hexagonal  shape'. 
iAese  are  arranged  perpendicularly  (or  nearly  so)  to  the  surface  of 
the  lamina  of  the  shell ; 

Fig.  385. 


so  that  its  thickness  is 
formed  by  their  length, 
and  its  two  surfaces 
by  their  extremities.  A 
more  satisfactory  view 
of^  these  prisms  is  ob- 
tained by  grinding-dowii 
a lamina  until  • it  pos- 
sesses a high  degree  of 

transparence;  the  prisms 

bemg  then  seen  (Fig. 

385)  to  be  themselves 
composed  of  a very 
homogeneous  substance, 
but  to  be  separated  by 
definite  and  strongly 
markedjlines  of  division. 

When  such  a lamina-  is  submitted  to  the  action  of  dilute  acid,  so 
as  0 dissolve-away  the  carbonate  of  lime,  a tolerably  firm  and  con- 
sistent membrane  is  left 

Pig.  38G. 


Section  of  Shell  of  Pimui,  taken  transversely  to 
the  direction  of  its  prisms. 


which  exhibits  the  pris 
matic  structure  just  as 
perfectly  as  did  the  ori- 
ginal shell  (Fig.  386); 
its  hexagonal  divisions 
bearing  a strong  resem- 
blance to  the  walls  of 
I the  cells  of  the  pith  or 
bark  of  a Plant.  By 
I making  a section  of  the 
shell  perpendicularly  to 
its  surface,  we  obtain  a 
/^iew  of  the  prisms  cut 
n the  direction  of  their 
ength  (Fig.  387);  and 
hey  are  frequently  seen 
o be  marked  by  delicate  transverse  striae  (Fig.  388),  closely  resem- 
•ling  those  observable  on  the  prisms  of  the  enamel  of  teeth,  to  which 
is  'in  or  shell-structure  may  be  considered  as  bearing  a very  close 
eserablance,  except  as  regards  the  mineralizing  ingredient.  If  a 
mi  ar  section  be  decalcified  by  dilute  acid,  the  membranous  resi- 
mum  will  exhibit  the  same  resemblance  to  the  walls  of  prismatic  cells 


Membmuous  basis  of  the  siuue. 
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viewed  longitudinally,  and  will  be  seen  to  be  more  or  less  regularly 
marked  by  the  transverse  striae  just  alluded  to.  It  sometimes 
happens  in  recent,  but  still  more  commonly  in  fossil  shells,  that 
the  decay  of  the  animal  membrane  leaves  the  contained  prisms 

without  any  connecting  me- 


Fig.  387. 


Section  of  the  Shell  of  Pinna,  in  the 
direction  of  its  prisms. 


dium  ; as  they  are  then  quite 
isolated,  they  can  be  readily 
detached  one  from  another; 
and  each  one  may  be  observed 
to  be  marked  lay  the  like 
striations,  which,  when  a 
sufficiently  high  magnifying 
power  is  used,  are  seen  to  be 
minute  grooves,  apparently 
resulting  from  a thickening 
of  the  intermediate  wall  in 
those  situations.  These  ap- 
pearances seem  best  ac- 
counted-for,by  supposing  that 
each  is  lengthened  by  suc- 
cessive additions  at  its 


base,  the  lines  of  junction  of  which  correspond  with  the  trans- 
verse striation;  and  this  view  corresponds  well  with  the  fact, 
that  the  shell-membrane  not  unfrequentl}’"  shows  a tendency  to 


ll 


Fig.  388. 


Oblique  Section  of  Prismatic  Sliell-substauce. 

split  into  thin  lamime  along  the  lines  of  striation  ; whilst  we  occa- 
sionally meet  with  an  excessively  thin  natural  lamina  lying 
between  the  thicker  prismatic  layers,  with  one  of  which  it  would 
have  probably  coalesced,  but  for  some  accidental  cause  wliicli 
preserved  its  distinctness.  That  the  prisms  are  not  formed  m 
their  entire  length  at  once,  but  that  they  are  progressive  y 
lengthened  and  consolidated  at  their  lower  extremities,  would 
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appear  also  fr^i  the  fact  that  where  the  shell  presents  a deen 
colour  (as  in  Pmna  nigrina),  this  colour  is  nsually  .disposed  in 
distinct  strata,  the  outer  portion  of  each  layer  being  the  -part  most 
deeply  tinged,  whilst  the  inner  extremities  of  the  prisms  are  almost 
colourless. 

564.  This  ‘ prismatic’_  arrangement  of  the  carbonate  of  lirpe  in  the 
shells  of  Pinna  and  its  allies,  has  been  long  familiar  to  Con- 
chologists,  and  regarded  by  them  as  the  result  of  crystallization 

“^i«"^ely  investigated  by  Mr.  Bowerbank* 
and  the  Anthor,t  and  was  shown  to  be  connected  with  a similar 
arrangement  in  the  membranous  residuum  left  after  the  decalcifica- 
tion  of  the  shell-substance  by  acid,  Microscopists  generallyt  agreed 
to  regard  it  as  a ‘calcified  epidermis:’  the  long  prismatic  cells 
being  supposed  to  be  formed  by  the  coalescence  of  the  epidermic 
cells  in  piles,  and  giving  their  shape  to  the  deposit  of  carbonate  of 
lime  fornied  within  them.  The  progress  of  inquiry,  however,  has 
led  to  an  important  modification  of  this  interpretation  ; the  Author 
being  now  disposed  to  agree  with  Prof.  Huxley§  in  the  belief  that 
the  entire  thickness  of  the  shell  is  formed  as  an  excretion  from 
the  surface  of  the  epidermis,  and  that  the  horny  layer  which  in 
ormnary  shells  forms,  their  external  envelope  or  ‘ periostracum  ’ll 
being  here  thiown  out  at  the  same  time  with  the  calcifying  mate- 
nal,  is  convei’ted  into  the  likeness  of  acellular  membrane  by  the 
ppssure  of  the  prisms  that  are  formed  by  crystallization  at  regular 
distances  in  the  midst  of  it. — The  peculiar  conditions  under  which 
calcareous  concretions  form  themselves  in  an  organic  matrix  have 
been  carefully  studied  by  Mr.  Eainey  and  Dr.  W.  M.  Ord ; of  whose 
researches  some  account  will  be  given  hereafter  (§  711). 

o65.  The  internal  layer  of  the  shells  of  the  Margaritacece  and 
some  other  families  has  u.  ‘ nacreous’  or  iridescent  lustre,  which 
depends  (as  Sir  D.  Brewster  has  shown^)  upon  the  striation  of 
its  surface  with  a series  of  grooved  lines,  which  nsually  run 
nearly  parallel  to  each  other  (Fig.  389).  As  these  lines  are  not 
obliterated  by  any  amount  of  polishing,  it  is  obvious  that  their 
presence  depends  upon  something  peculiar  in  the  texture  of  this 
substance,  and  not  upon  any  mere  superficial  arrangement.  When 

- « the  Stractiire  of  the  Shells  of  Molluscous  and  Conchiferoua  Animals 

m ‘ Transact,  of  Microsc.  Society,”  1st  Ser.  (1844),  Vol.  i p 123  ’ 

tiot'‘?or  li'rt  SiTlSlT"  Structure  of  Shells,’  in  “ Eepoi'ts  of  British  Associa- 
t See  Air.  Qnekett’s  “ Histological  Catalogue  of  the  College  of  Surgeons’ 

Museum,”  and  his  “ Lectures  on  Histology,”  Vol  ii  •^mgcons 

_ 5 See  his  article  ‘Tegumentaiy  Organs;-  in  ‘‘Cyclopedia  of  Anatomy  and 
Ihjsiologj',  Supplementary  Volume,  pp.  48‘J-4!12.  ^ 

li  The  is  the  yellowish-brown  membrane  covering  the  surface 

^ -i®  WP  ® en-oneously)  termed  their  epidermis. 

transactions,”  1814,  p.  397.— The  late  Mr.  Barton  (of  the 
Mint)  succeeded  in  jiroducing  an  artificial  iridescence  on  metallic  buttons  by 
drawmg  closely-approximating  lines  with  a diamond-point  upon  the  surface 
of  the  steel  die  by  which  (hey  were  struck. 
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a piece  of  tlie  nacre  (commonly  known  as  ‘ mother-of-pearl’)  of  the 
Avicula  or  ‘ pearl-oyster’  is  carefully  examined,  it  becomes  evident 
that  the  lines  are  produced  by  the  cropping-out  of  laminm  of  shell 
situated  more  or  less  obliquely  to  the  plane  of  the  surface,  ’I’he 
greater  the  dip  of  these  laminm,  tbe  closer  will  their  edges  be ; 
whilst  the  less  the  angle  which  they  make  with  the  surface,  the 
wider  will  be  the  interval  between  the  lines.  When  the  section 
passes  for  any  distance  in  the  plane  of  a lamina,  no  lines  will 


Fig,  389 


Section  of  nacreous  lining  of  Shell  of  Avicula  y/inr^fftn/acea  (Pearl-oyster). 

present  themselves  on  that  space.  And  thus  the  appearance  of  a 
section  of  nacre  is  such  as  to  have  been  aptly  compared  by  Sir  J. 
Herschel  to  the  surface  of  a smoothed  deal  board,  in  which  the 
woody  layers  are  cut  perpendicularly  to  their  surface  in  one  part, 
and  nearly  in  their  plane  in  another.  Sir  D.  Brewster  (loc.  cit.) 
appears  to  have  supposed  that  nacre  consists  of  a multitude  of 
layers  of  carbonate  of  lime  alternating  with  animal  membrane ; 
and  that  the  presence  of  the  grooved  lines  on.  the  most  highly- 
polished  surface  is  due  to  the  wearing  away  of  the  edges  of  the 
animal  laminae,  whilst  those  of  the  hard  calcareous  laminae  stand 
out.  If  each  line  upon  the  nacreous  surface,  however,  indicates  a 
distinct  layer  of  shell-substance,  a very  thin  section  of  ‘ mother-of- 
pearl’  ought  to  contain  many  hundred  laminae,  in  accordance  with 
the  number  of  lines  upon  its  surface ; tliese  being  frequently  no 
more  than  1- 7500th  of  an  inch  apart.  But  when  the  naci'e  is 
treated  with  dilute  acid  so  as  to  dissolve  its  calcareous  portion,  no 
such  repetition  of  membranous  layers  is  to  be  found;  on  the  contrary, 
if  the  piece  of  nacre  be  the  product  of  one  act  of  shell-formation, 
there  is  but  a single  layer  of  membrane.  This  layer,  however,  is 
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found  to  present  a more  or  less  folded  or  plaited  arrangement ; and 
the  lineation  of  the  nacreous  surface  may  perhaps  be  thus  ac- 
counted for. — A similar  arrangement  is  found  in  'pearh ; which  are 
rounded  concretions  projecting  from  the  inner  surface  of  the  shell  of 
Avicula,  and  possessing  a nacreous  structure  corresponding  to  that 
of  ‘ mother-of-pearl.’  Such  concretions  are  found  in  many  other 
shells,  especially  the  fresh-water  mussels,  Unto  and  Anodon ; but 
these  are  usually  less  remarkable  for  their  pearly  lustre;  and,  when 
formed  at  the  edge  of  the  valves,  they  may  be  partly  or  even 
entirely  made-up  of  the  prismatic  substance  of  the  external  layer, 
and  may  be  consequently  altogether  destitute  of  the  pearly 
character. 


566.  In  all  the  genera  of  the  Margaritacece,  we  find  the  external 
layer  of  the  shell  prismatic,  and  of  considerable  thickness ; the 
internal  layer  being  nacreous.  But  it  is  only  in  the  shells  of  a 
few  families  of  Bivalves,  that  the  combination  of  organic  with 
mineral  components  is  seen  in  the  same  distinct  form ; and  these 
families  are  for  the  most  part  nearly  allied  to  Pinna.  In  the 
TJnionidce  (or  ‘ fresh-water  mussels’),  nearly  the  whole  thickness  of 
the  shell  is  made-up  of  the  internal  or  ‘ nacreous’  layer ; but  a 
uniform  stratum  of  prismatic  substance  is  always  found  between 
the  nacre  and  the  periostracum,  really  constituting  the  inner  layer 
of  the  latter,  the  outer  being  simply  horny. — In  the  Ostracece  (or 
oyster  tribe)  also,  the  greater  part  of  the  thickness  of  the  shell  is 
composed  of  a ‘ sub-nacreous’  substance  (§  668)  representing  the 
inner  layer  of  the  shells  of  Margaritaceae,  its  successively-formed 
laminae,  however,  having  very  little  adhesion  to  each  other ; and 
every  one  of  these  laminae  is  bordered  at  its  free  edge  by  a layer  of 
the  prismatic  substance,  distinguished  by  its  brownish-yellow 
colour.  In  these  and  some  other  cases,  a distinct  membranous 
residuum  is  left  after  the  decalcification  of  the  prismatic  layer 
by  dilute  acid;  and  this  is  most  tenacious  and  substantial,  where 
(as  in  the  Margaritacece)  there  is  no  proper  periostracum.  Gene- 
rally, speaking,  a thin  prismatic  layer  may  be  detected  upon  the 
external  surface  of  Bivalve  shells,  where  this  has  been  pro- 
tected by  a periostracum,  or  has  been  prevented  in  any  other 
manner  from  undergoing  abrasion ; thus  it  is  found  pretty  gene- 
rally in  Chama,  Trigonia,  and  Soleoi,  and  occasionally  in  Anomia 
and  Peefen. 

567.  In  many  other  instances,  however,  nothing  like  a cellular 
structure  can  be  distinctly  seen  in  the  delicate  membrane  left  after 
decalcification  ; and  in  such  cases  the  animal  basis  bears  but  a very 
small  proportion  to  the  calcareous  substance,  and  the  shell  is 

: usually  extremely  hard.  This  hardness  appears  to  depend  upon 
,;the  mineral  arrangement  of  the  carbonate  of  lime;  for  whilst  in 
h the  prismatic  and  ordinary  nacreous  layer  this  has  the  crystalline 
condition  of  calcite,  it  can  be  shown  in  the  hard  shell  of  Pliolas  to 
[1  have  the  arrangement  of  arragonite ; the  difference  between  the 
two  being  made  evident  by  Polarized  light.  A very  curious 
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appearance  is  presented  by  a section  of  the  large  binge-tooth  of 
My  a arenaria  (Fig.  390),  in  which  the  carbonate  of  lime  seems  to 

be  deposited  in  nodules  that 


no.  300. 


Section  of  biuge-tootli  of  Mi/a 


arenaria. 


possess  a crystalline  structure 
resembling  that  of  the  mineral 
termed  WavelUte.  Approaches 
to  this  curious  arrangement 
are  seen  in  many  other  shells. 

568.  There  are  several  Bi- 
valve shells  which  almost  en- 
tirely consist  of  what  may  be 
termed  a suh-nacreous  sub- 
stance ; their  polished  surfaces 
being  marked  by  lines,  but 
these  lines  being  destitute  of 
that  regularity  of  arrangement 
which  is  necessary  to  produce 
the  iridescent  lustre.  This  is 
the  case,  for  example,  with 
most  of  the  PecHnidce  (or 
scallop  tribe),  also  with  some  of 
theMytilacece  (or  mussel  tribe) , 


and  with  the  common  Oyster.  In  the  internal  layer  of  by  far  the 
greater  number  of  Bivalve  shells,  however,  there  is  not  the  least  ap- 
proach to  the  nacreous  aspect ; nor  is  there  anything  that  can  be 
described  as  definite  structure  ;*  and  the  residuum  left  after  its  decal- 
cification is  usually  a structureless  ‘ basement-membrane.’ 

569.  The  ordinary  account  of  the  mode  of  growth  of  the  shells 
of  Bivalve  Mollusca, — that  they  are  progressively  enlarged^  by  the 
deposition  of  new  laminm,  each  of  which  is  in  contact  with  the 
internal  surface  of  the  preceding,  and  extends  beyond  it,  does  not 
express  the  whole  truth ; for  it  takes  no  account  of  the  fact  that 
most  shells  are  composed  of  two  layers  of  very  different  texture, 
and  does  not  specify  whether  hath  these  layers  are  thus  formed  by 
the  entme  surface  of  the  ‘ mantle’ whenever  the  shell  has  to  be 
extended,  or  whether  only  one  is  produced.  An  examination  of 
Fig.  391  will  clearly  show  the  mode  in  which  the  operation  is 
effected.  This  figure  represents  a section  of  one  of  the  valves  of 
Unio  occiclens,  taken  perpendicularly  to  its  surface,  and  passing 
from  the  margin  or  lip  (at  the  left  hand  of  the  figure)  towards  the 
hinge  (which  would  be  at  some  distance  beyond  the  right),  inis 
section  brings  into  view  the  two  substances  of  which  the  shell  is 
composed ; traversing  the  outer  or  prismatic  layer  in  the  direction 
of  the  length  of  its  prisms,  and  passing  through  the  nacreous 
lining  in  such  a manner  as  to  bring  into  view  its  numerous  iaminai. 
separated  by  the  lines  a a',  h V,  c c,'  &c.  Those  lines  evidently 
indicate  the  successive  formations  of  this  layer ; and  it  may  oc 

* For  an  explanation  of  the  real  nature  of  what  was  fonnorly  described  bi 
the  Author  as  ‘tubular’  Shell-substance,  see  § 31G. 
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easily  shown  by  tracinor  them  towarrlq  xi. 

and  towards  the  margin  on  the  other,  that  at  evfry  enWgement  o? 


Fig.  391. 


of  of  ''-lives  of  the  shell 

layer;  ,1  i,,  Se'oToSrrc^^^^ 

/O.  ihe  shells  of  Terebratulce,  however  and  nf  -mnaf  /^+^. 

£’  them‘&f ;"the^s^^ 

are  microscopicallv  examinpd  +hp  ' sections  of  them 

flattened  prisms  '(Fi-r  39=^  Vz/rwHeh'a^^®  appearance  of  long 
obliquity  that  their  rounded  Utrp  arranged  with  such 

surface  of  the  Xll  ?n  an  i^VsT  "P“  *>'« 

true  Tereh-atumf,  hVrecTnt  and^  W-  All 

remarkable  peculiaritv  -nnmoi  +i.  exhibit  another  verv 

large  number  of  canals  which  ^ of  the  shell  by  a 

dicnlarly  from  one  sSe  t^the^oX^""/  P"«\^early  perp^en- 
sections,  Fio-.  393)  and  tPvmlTia+  ° (as  is  shown  in  vertical 

(Fig.392,.)rwhttexTernXX™^^ 

cum  (n).  Their  diameter  is  greSeJt  townrdf +h  Penostra- 

where  they  sometimes  expand  suddenly,  so  as  to  hetmT  trumpet.’ 
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shaped;  and  it  is  usually  narrowed  rather  suddenly,  when,  as 
sometimes  happens,  a new  internal  layer  is  formed  as  a lining  to 
the  preceding  (Fig.  393,  a,  d d).  Hence  the  diameter  of  these 


A,  luternal  surface  («),  aud  oblique  section  (b),  of  Shell  of 
'I'erebratula  (Waldheimia)  mistralis;  B,  external  surface  of  the 
same. 


canals,  as  shown  in  different  transverse  sections  of  one  and  the 
same  shell,  will  vary  according  to  the  part  of  its  thickness  which 
the  section  happens  to  traverse. — The  shells  of  different  species  of 
perforated  Brachiopods,  however,  present  very  striking  diversities 

in  the  size  and  closeness 
Fig.  393.  of  -tj^eir  canals,  as  shown 

A 15  by  sections  taken  in  cor- 

responding parts ; three 
examples  of  this  kind  are 
given  for  the  sake  of  com- 
parison in  Figs.  394-396. 
These  canals  are  occupied 
in  the  living  state  by  tu- 
bular prolongations  of  tie 
mantle,  whose  interior  is 
filled  with  a fluid  contain- 
ing minute  cells  and  gra- 
nules, which,  from  its  cor- 
responding in  appearance 
%vith  the  fluid  contained  in 
the  great  sinuses  of  the 
mantle,  may  perhaps  be 
Vertical  Sections  of  Shell  of  Terebratula  considered  to  be  the  ani- 
(Waldheimia)  awsiroffs  .—showing  at  A the  l^lood  Of  their 

canals  opening  by  largo  trumpet-shaped  on-  • i fn„f.tinu  in  the 

flees  on  the  outer  surface,  and  contracting  at  special  tunction  in  t e 

d d into  narrow  tubes ; and  showing  at  b a economy  of  the  animal,  it 
bifurcation  of  the  canals.  is  difficult  to  form  any 


Fig.  392. 
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probable  idea,;  but  it  is  interesting  to  remark  (in  connection  with 
the  hypothesis  of  a relationship  between  Brachiopods  and  Polyzoa) 
that  they  seem  to  have  their  parallel  in  extensions  of  the  peri- 
visceral cavityof  many  species  of  Flasf  ra,  Eschara,  Lepralia,  &c.,into 
passages  excavated  in  the  walls  of  the  cells  of  the  polyzoary. 


Fig.39^,  Fig.  D95.  Fig.  396. 


Fig.  394.  Horizontal  section  of  Shell  of  Terebvatula  buUoia  (fossil,  Oolite). 
Fig.  395.  Ditto  ....  of  Megerlia  lima  (fossil,  Chalk). 

Fig.  396.  Ditto  ....  of  Spiriferina  rostrata  (Triassic). 


571.  In  the  Family  EhynchonelUdce,  which  is  represented  by 
only  two  recent  species  (the  Bh.  psittacea  and  Bli.  nigricans,  both 
formerly  ranking  as  Terebratulm),  but  which  contains  a very  large 
proportion  of  fossil  Brachiopods,  these  canals  are  almost  entii*eTy 
absent ; so  that  the  uniformity  of  their  presence  in  the  Terebratu- 
lidse,  and  their  general  absence  in  the  Bhynchonellidm,  supplies  a 
character  of  great  value  in  the  discrimination  of  the  fossil  shells 
belonging  to  these  two  groups  respectively.  Great  caution  is 
necessary,  however,  in  applying  this  test ; mere  surface-markings 
< cannot  he  relied-on ; and  no  statement  on  this  point  is  worthy  of 
i reliance,  which  is  not  based  on  a Microscopic  examination  of  thin 
■‘•sections  of  the  shell.— In  the  Families  Spiriferidee  and  Stroplio- 
. menidcB,  on  the  other  hand,  some  species  possess  the  perforations, 
lYwhilst  others  are  destitute  of  them  ; so  that  their  presence  or 
labsence  tlip-e  serves  only  to  mark-out  subordinate  groups.  This, 
h'lowever,  is  what  holds-good  in  regard  to  characters  of  almost 
every  description,  in  other  departments  of  Natural  History; 
i character  which  is  of  fundamental  importance  from  its  close 
•elation  to  the  general  plan  of  organization  in  one  group,  beino-, 
rrom  its  want  of  constancy,  of  far  less  account  in  another.*  ° 

* For  a particular  account  of  the  Author’s  researches  on  this  group,  see  his 
lemoir  on  the  subject,  forming  part  of  the  introduction  of  Mr.  Davidson’s 
Monograpli  of  the  British  Fossil  Brachiopoda,”  published  by  the  Palmonto- 
raphical  bociety.  A very  remarkable  example  of  the  importance  of  the 
resence  or  absence  of  the  perforations,  in  distinguishing  shells  whose  internal 
. ructure  shows  them  to  be  generically  different,  whilst  from  their  external 
I nnformation  they  would  be  supposed  to  be  not  only  generically  but  .weciflcallv 
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572.  Tliere  is  not  by  any  means  the  same  amount  of  diversity 
in  the  structure  of  the  Shell  in  the  class  of  Ganteropods ; a certain 
typical  plan  of  construction  being  common  to  by  far  the  greater 
number  of  them.  The  small  proportion  of  animal  matter  con- 
tained in  most  of  these  shells,  is  a very  marked  feature  in  their 
character ; and  it  serves  to  render  other  features  indistinct,  since 
the  residuum  left  after  the  removal  of  the  calcareous  matter  is 
usually  so  imperfect,  as  to  give  no  clue  whatever  to  the  explanation 
of  the  appearances  shown  by  sections.  aSTevertheless,  the  structure 
of  these  shells  is  by  uo  means  homogeneous,  but  always  exhibits 
indications,  more  or  less  clear,  of  a definite  arrangement.  The 
‘ porcellanous’  shells  are  composed  of  three  layers,  all  presenting 
the  same  kind  of  structure,  but  each  differing  from,  the  others  in 
the  mode  in  which  this  is  disposed.  For  each  layer  is  made-up  of 
an  assemblage  of  thin  laminae  placed  side-by-side,  which  separate  j 
one  from  another,  apparently  in  the  planes  of  rhomboidal  cleavage, 
when  the  shell  is  fractured ; and,  as  was  first  pointed  out  by  Mr. 
Bowerbank,  each  of  these  laminae  consists  of  a series  of  elongated 
spicules  (considered  by  him  as  prismatic  cells  filled  with  carbonate 

of  lime)  lying  side-by-side  in  close  apposition  ; and  these  series  are 
disposed  alternately  in  contrary  directions,  so  as  to  intersect  each 
other  nearly  at  right  angles,  though  still  lying  in  parallel  planes. 
The  direction  of  the  planes  is  different,  liowever,  in  the  three  layers  • 
of  the  shell,  bearing  the  same  relation  to  each  other  as  have  those  f 
three  sides  of  a cube  which  meet  each  other  at  the  same  angle ; and  j 
by  this  arrangement,  which  is  better  seen  in  the  fractured  edge  of 
the  GypTcea  or  any  similar  shell,  than  in  thin  sections,  the  strength 
of  the  shell  is  greatly  augmented.— A similar  aiuangement, 
obviously  answering  the  same  pui'pose,  has  been  shown  by  Mr. 
Tomes  to  exist  in  the  enamel  of  the  teeth  of  Bodentia. 

573.  The  principal  departures  from  this  plan  of  structure  are 
seen  in  Patella,  Ghito^i,  Haliotis,  Turho  and  its  allies,  and  in  the 
‘ naked’  Gasteropods,  many  of  which  last,  both  terrestrial  and 
marine,  have  some  rudiment  of  a shell.  Thus  in  the  common 
Slug,  Limaxrufus,  a thiu  oval  plate  of  calcareous  texture  is  found 
imbedded  in  the  shield-like  fold  of  the  mantle  covering  the  fore- 
part of  its  back ; and  if  this  be  examined  in  an  early  stage  of  its 
growth,  it  is  found  to  consist  of  an  aggregation  of  minute  calcareous 
nodules,  generally  somewhat  hexagonal  in  form,  and  sometimes 
quite  transparent,  whilst  in  other  instances  it  presents  an  appear- 
ance closely  resembling  that  delineated  in  Fig.  390.  In  the  epi- 
dermis of  the  mantle  of  some  species  of  Doris,  on  the  other  hand, 
we  find  long  calcareous  spicules,  generally  lying  in  parallel 
directions,  but  not  in  contact  with  each  other,  giving  firmness  to 
the  whole  of  its  dorsal  portion  ; and  these  are  sometimes  covered 
with  small  tubercles,  like  the  spicules  of  Gorgonia  (Fig.  363).  They 
may  be  separated  from  the  soft  tissue  in  which  they  are  imbedded, 
by  means  of  caustic  potash ; and  when  treated  with  dilute  acid, 
whereby  the  calcareous  matter  is  dissolved-away,  an  organic  basis 
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' Thf  " t.™  ”l,“*  ?? 

rather  a cell  in  the  earliest  sH  a!  to  be 

particle  of  sarcode  without  wall  oi  "cavTy -^Ind^ 
spondence  between  the  apnearance  r^ra  J + ’ i i 

r^nlst  *'e 

with  the  occasional  occiSeMe  of  a arrangement, 

fe!  rX^enTa'iraS 

SKi- 1-S 

K!S%S,“  3 !;  S 

llr  the  PotLs“prAl^traabr*i^f'  ana  interesting  4eets 
derived  from  the  examinlfL  information  may  also  be 

etlS  “Pi*  or  in  gLIPs 

?ir4T;sS-Srisi^^ 

it  tn  Lo  -rrn  ^ + remax  kable  structure,  such  as  causes  sections  of 

-aomewhetc,;rrespondierw”h^ttltTpt^®^^ 

WeTS  ‘1».«  holWof^is^Ltl^VefaSr^^ 

hv  r 1 *°  ““““  “ P”“l>rf  directions,  bn™paS 

a^d  **'“  *••"=  thickness'of  the  platm* 

i“  fib?roi  slTle  filied-up  by  what  apPr  to 

:iIr™n„Xr  b ‘irat  instead  of  a 

■small  number  of  VO  *+1,^'^  pillars,  there  exists  a comparatively 
■surface  to  the  otb  j®  laminae,  which  pass  from  one 

^tS  each  doubling  upon  themselves,  so 

Srrl^f  occupies  a considerable  space.  Their  nrecise 

hhe  simSu8^aTTl?^^  r®""  examining  the  parallel  plated  after 
pLe  sinuous  laminae  have  been  detached  from  them;  the  lines  of 
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junction  being  distinctly  indicated  upon  these.  By  this  arrange- ‘ 
nient  each  layer  is  most  effectually  supi^orted  by  those  with  which 
it  is  connected  above  and  below ; and  the  sinuosity  of  the  thin 
intervening  laminae,  answering  exactly  the  same  purpose  as  the 
‘ corrugation’  given  to  iron  plates  for  the  sake  of  diminishing  their 
flexibility,  adds  greatly  to  the  strength  of  this  curious  texture ; 
which  is  at  the  same  time  lightened  by  the  large  amount  of  open 
space  between  the  parallel  plates,  that  intervenes  among  the 
sinuosities  of  the  laminae.  The  best  method  of  examining  this 
structure,  is  to  make  sections  of  it  with  a sharp  knife  in  various 
directions,  taking  care  that  the  sections  are  no  thicker  than  is 
requisite  for  holding-together ; and  these  may  be  mounted  on  a 
Black  Grroundas  opaque  objects,  or  in  Canada  balsam  as  transpa- 
rent objects,  under  which  last  aspect  they  furnish  very  beautiful 
objects  for  the  Polariscope. 

576.  Palate  of  Gastero'pocl  MollasTcs. — The  organ  which  is  some- 
times referred  to  under  this  designation,  and  sometimes  as  the 
‘ tongue,’  is  one  of  a very  singular  nature  ; and  cannot  be  likened 
to  either  the  tongue  or  the  palate  of  higher  animals.  For  it  is  a 
tube  that  passes  backwards  and  downwards  beneath  the  month, 
closed  at  its  hinder  end,  whilst  in  front  it  opens  obhquely  upon  the 

floor  of  the  mouth,  being 
(as  it  were)  slit-up  and 
spread-out  so  as  to  form  a 
nearly  flat  surface.  On 
the  interior  of  the  tube,  as 
well  as  on  the  flat  expan- 
sion of  it,  we  And  nume- 
rous tranverse  rows  of 
minute  teeth,  which  are 
.set  upon  flattened  plates ; 
each  principal  tooth 
sometimes  having  a basal 
plate  of  its  own,  whilst 
in  other  instances  one 
plate  carries  several  teeth. 
— Of  the  former  arrange- 
ment we  have  an  example 
in  the  palate  of  many 
teiTestrial  Gasteropods, 
such  as  the  snail  {Helix) 
and  Slug  {Limax),  in  which  the  number  of  plates  in  each  row  is 
ver}’-  considerable  (Figs.  397,  398),  amounting  to  180  in  the  large 
garden  Slug  {Limax  maximus)-,  whilst  the  latter  prevails  in  many 
marine  Gasteropods,  such  as  the  common  Whelk  {Buccinuhi 
undo, turn),  the  palate  of  which  has  only  three  plates  in  each  row, 
one  bearinar  the  small  central  teeth,  and  the  two  others  the  large 
lateral  teeth  (Fig.  401).  The  length  of  the  palatal  tube,  and  the 
number  of  rows  of  teeth,  vary  greatly  in  different  species.  Generally 
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Portion  of  the  left  half  of  the  Palate  of 
Helix  hortensis ; the  rows  of  teeth  near  the 
edge  separated  from  each  other  to  show  their 
form. 
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speaking,  the  tube  of  the  terrestrial  i • 

IS  contained  entirely  within  the  nS  £rlnh’°P°  ' ^ 

rows  of  teeth  being  closely  set  tocrpfPpi  o ^®ad  ; but  the 

there  being  frequently  more  ^ ® numerous, 

than  100,  and  in  some  species 
as  many  as  160  or  170 ; so 
that  the  total  number  of 
teeth  may  mount-up,  as  in 
-tteto!  pomatia,  to  21,000, 
and  in  Limax  maximMs,  to’ 

-6,800.  The  transverse  rows 
are  usually  more  or  less 
curved,  as  shown  in  Fig.  398, 
whilst  the  longitudinal  rows 
are  quite  straight : and  the 
curvature  takes  its  departure 
on  each  side  from  a central 
longitudinal  row,  the  teeth 
are  symmetrical, 

r ‘rans™-se  row  prosont 

Side  of  each  tooth  being  ® P^oniinences  on  the  inner 


Palate  of  Zonites  cellarhin. 
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— uuuLu  ueing 

suppressed,  whilst  those  on 
the  outer  side  are  increased ; 
this  modification  being  ob- 
served to  augment  in  de- 
gree, as  we  pass  from  the 
central  line  towards  the 
edges. 

•577.  The  palatal  tube 
of  the  marine  Gasteropods 
is  generally  longer,  and  its 
teeth  larger ; and  in  many 
instances  it  extends  far 
beyond^  the  head,  which 
may,  indeed,  contain  but 
a small  part  of  it.  Thus 
m the  common  Limpet 
(Patella),  we  find  the  prin- 
cipal part  of  the  tube  to  lie 
folded-up,  but  perfectly 
free,  in  the  abdominal  ca- 
‘ vity,  between  the  intestine 
and  the  muscular  foot ; and 

g trequently  small  and  smooth  at  their  edges,  whilst  those  of 


Piilate  of  Trochus  zhyphimts. 
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the  lateral  are  large  and  serrated.  The  palate  of  Troclms  :u::y- 
phinus,  represented  in  Fig.  399,  is  one  of  the  most  beautiful 
examples  of  this  form ; not  only  the  large  teeth  of  the  lateral 
bands,  but  the  delicate  leaf- like  teeth  of  the  central  portion,  having 
their  edges  minutely  serrated.  A yet  more  complex  type,  however, 
is  found  in  the  palate  of  TTaliotis;  in  which  there  is  a central  band 
of  teeth  having  nearly  straight  edges  instead  of , 'points  : then,  on 
each  side,  a lateral  band  consisting  of  large  teeth  shaped  like  those 
of  the  Shark ; and  beyond  this,  again,  another  lateral  band  on 
either  side,  composed  of  several  rows  of  smaller  teeth. — Very  curious 

differences  also  present 
themselves  among  the  dif- 
ferent species  of  the  same 
genus.  Thus  in  Doris 
pilosa,  the  central  band  is 
almost  entirely  wanting, 
and  each  lateral  band  is 
formed  of  a single  row  of 
very  large  hooked  teeth, 
set  obliquely  like  those  of 
the  lateral  band  in  Fig. 
399  ; whilst  in  Doris  tuher- 
culata,  the  central  band  is 
the  part  most  developed, 
and  contains  a number  of 
rows  of  conical  teeth,  stand- 
ing almost  perpendicu-  • 
larly,  like  those  of  a 
harrow  (Fig.  400). 
o78.  Many  other  varieties  might  be  described,  did  space  permit ; 
but  we  must  be  content  with  adding,  that  the  form  and  arrange- 
ment of  the  teeth  of  these  ‘palates’  afford  characters  of  great 
value  in  classification,  as  was  first  pointed  out  by  Prof.  Loven 
(of  Stockholm)  in  1847,  and  has  been  since  very  strongly  urged  by 
Dr.  J . E.  Gray,  who  considers  that  the  structure  of  these  organs 
is  one  of  the  best  guides  to  the  natural  affinities  of  the  species, 
genera,  and  families  of  this  group,  since  any  important  alteration 
in  the  form^  or  position  of  the  teeth  must  be  accompanied  by  some 
corresponding  peculiarity  in  the  habits  and  food  of  the  animal.* 
Hence  a systematic  examination  and  delineation  of  the  structure 
and  arrangement  of  these  organs,  by  the  aid  of  the  Microscope  and 
Camera  Lucida,  would  be  of  the  greatest  service  to  this  depart- 
ment of  Natural  History.  The  short  thick  tube  of  Limcue  and 
other  terrestrial  Gasteropods,  appears  adapted  for  the  trituration 
of  the  food  previously  to  its  passing  into  the  cesophagus ; for  in 
these  animals  we  find  the  roof  of  the  mouth  furnished  with  a large 
strong  horny  plate,  against  which  the  flat  end  of  the  tongue  can 

* “ Anmls  of  Natural  Histoi'y,”  Ser.  2,  Vol.  x.  (1852),  p.  413. 
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Palate  of  Doris  tuherculata. 
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work.  On  the  other  hand,  the  flattened  portion  of  the  palate  of 
Buccinam  (whelk)  and  its  allies  is  used  by  these  animals  as  a file, 
with  which  they  bore  holes  through  the  shells  of  the  Mollusks  that 
serve  as  their  prey ; this  they  are  enabled  to  effect  by  everting  that 
part  of  the  proboscis-shaped  mouth  whose  floor  is  formed  by  the 
flattened  part  of  the  tube,  which  is  thus  brought  to  the  exterior, 
and  by  giving  a kind  of  sawing-motion  to  the  organ  by  means  of 
the  alternate  action  of  two  pairs  of  muscles, — a protractor,  and  a 
retractor, — which  put- forth  and  draw-back  a pair  of  cartilages 
whereon  the  tongue  is  supported,  and  also  elevate  and  depress  its 
teeth.  Of  the  use  of  the  long  blind  tubular  part  of  the  palate  in 
these  Gasteropods,  however,  scarcely  any  probable  guess  can  be 
made;  unless  it  be  a sort  of  ‘ cavity  of  reserve,’  from  which  a new 
toothed  surface  may  be  continually  supplied  as  the  old  one  is  worn- 
away,  somewhat  as  the  front  teeth  of  the  Rodents  are  constantly 
being  regenerated  from  the  surface  of  the  pulps  which  occupy  their 
hollow  conical  bases,  as  fast  as  they  are  rubbed-down  at  their 
edges. 

579.  The  preparation  of  these  Palates  for  the  Microscope  can, 
of  course,  be  only  accomplished  by  carefully  dissecting  them  from 
their  attachments  within  the  head ; and  it  will  be  also  necessary  to 
remove  the  membrane  that  forms  the  sheath  of  the  tube,  when  this 
is  thick  enough  to  interfere  with  its 
transparence.  The  tube  itself  should 
be  slit  up  with  a pair  of  fine  scissors 
through  its  entire  length  ; and  should 
, be  so  opened  out,  that  its  expanded 
surface  may  be  a continuation  of  that 
which  forms  the  floor  of  the  mouth. 

The  mode  of  mounting  it  will  depend 
upon  the  manner  in  which  it  is  to  be 
viewed.  For  the  ordinary  purposes  of 
Microscopic  examination,  no  method 
is  so  good  as  mounting  in  fluid  ; either 
weak  Spirit  or  Goadby’s  solution 
answering  very  well.  But  many  of 
these  palates,  especially  those  of  the 
marine  Gasteropods,  become  most 
beautiful  objects  for  the  Polariscope 
when  they  are  mounted  in  Canada 
balsam;  the  form  and  arrangement  of 
the  teeth  being  very  strongly  brought- 
out  by  it  (Fig.  401),  and  a gorgeous 
play  of  colours  being  exhibited  when  a 
selenite  plate  is  placed  behind  the  object,  and  the  analyzing  prism 
- is  made  to  rotate.* 

‘For  additional  details  on  the  organization  of  the  Palate  and  Teeth  of  the 
' Gasteropod  Mollusks,  see  Mr.  W.  Thomson,  in  “ Cyclop,  of  Anat.  and  Physiol,” 
Vol,  iv.  pp.  1142,  1143 ; and  in  “ Ann.  of  Isat.  Hist.,”  Ser.  2,  Vol.  vii.  p.  8(3. 


Palate  of  Jiuccinum  undatinn  as 
seen  under  Polarized  Light. 
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580.  Development  of  Molluslcs. — Leaving  to  the  scientific  Em- 
bryologist the  large  field  of  study  that  lies  open  to  him  in  this 
direction,*  the  ordinary  Microscopist  will  find  much  to  interest  him 
in  the  observation  of  certain  special  phenomena  of  which  a general 
account  will  be  here  given.  Attached  to  the  gills  of  fresh-water 


Parasitic  Larva  (^Glocliiclhm')  of  yinodon: — A,  glocLidia 
attached  to  tbe  tail  of  a Stickleback ; B,  side  view'  of  glochi- 
diirni  still  enclosed  in  the  egg-membrane,  showing  the  hooks 
of  its  valves  and  the  byssus-filament  a;  c,  glochidium  with 
its  valves  widely  opened,  showing  the  adductor-muscle  a ; D, 
side  view  of  glochidium,  with  the  valves  opened  to  show  the 
origin  of  the  byssus-filament  and  the  three  pairs  of  tenta- 
cular (?)  organs,  the  bai'bed  hooks  h,  and  the  muscular  or 
membranous  folds  c,  c,  connected  wdth  them. 

Mussels  [ITnio  and  Anodon)  there  are  often  found  minute  bodies, 
which,  w'hen  first  observed,  were  described  as  parasites,  under  the 
name  of  Glochidia,  but  are  now  known  to  be  their  own  progeny  in 
an  early  phase  of  development.  When  a Fish  is  near,  they  arc 
expelled  from  between  the  valves  of  their  parent,  and  attach  them- 
selves in  a peculiar  manner  to  its  fins  and  gills  (Fig.  402,  a).  In  this 
stage  of  the  existence  of  the  young  Anodon,  its  valves  are  provided 
with  curious  barbed  or  serrated  hooks  (n,  h),  and  are  continually 
snapping  together  (so  as  to  remind  the  observer  of  the  aviculario 
of  Polyzoa,  § 554),  until  they  have  inserted  their  hooks  into  the  skin 
of  the  Fish,  which  seems  so  to  retain  the  barbs  as  to  prevent  the  re- 
opening of  the  valves.  In  this  stage  of  its  existence  no  internal  organ 
* See  Balfour’s  “Comparative  Embryology,”  Chap.  ix. 
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is  ilefinitely  formed,  except  the  strong  ‘adductor’  muscle  (c,  a) 
which  draws  the  valves  together,  and  the  long,  slender,  byssus- 
hlament  (B,a,D)  which  mahes  its  appearance  while  the  embryo  is  still 
within  the  egg-membrane,  lying  coiled-up  between  the  lateral  lobes. 
The  hollow  of  each  valve  is  tilled  with  a soft  granular-looking  mass, 
in  which  are  to  be  distinguished  what  are  perhaps  the  rudiments  of 
t'le  branchim  and  of  oral  tentacles  ; but  their  nature  can  only  be 
certainly  determined  by  further  observation,  which  is  rendered 
difficult  by  the  opacity  of  the  valves.  By  keeping  a supply  of 
Fish,  however,  with  these  embryoes  attached,  the  entire  history  of 
the  development  of  the  fresh-water  Mussel  may  be  worked  out.* 
o81.  In  certain  members  of  the  Class  Gasteropods,  the  history 
of  embryonic  development  presents  numerous  phenomena  of  great 
interest.  The  eggs  (save  among  the  terrestrial  species)  are  usually 
deposited  in  aggregate  masses,  each  enclosed  in  a common  protec- 
tive envelope  or  nidamenhim.  The  nature  of  this  envelope,  however, 
varies  greatly : thus,  in  the  common  Limnceus  stagnalis  or  ‘ water- 
.snail’  of  our  ponds  and  ditches,  it  is  nothing  else  than  a mass  of 
soft  jelly  about  the  size  of  a sixpence,  in  which  from  60  to  60  eggs 
are  imbedded,  and  which  is  attached  to  the  leaves  or  stems  of 
aquatic  plants  ; in  the  Bucdnibin  undatum,  or  commpn  Whelk,  it 
is  a membranous  case,  connected  with  a considerable  number  of 
similar  cases  by  short  stalks,  so  as  to  form  large  globular  masses 
which  may  often  be  picked-up  on  our  shores,  esjDecially  between 
April  and  June ; in  the  Pwpiwa  lapillus,  or  ‘ rock-whelk,’ it  is  a 
little  flask-shaped  capsule,  having  a firm  horny  wall,  which  is 
attached  by  a short  stem  to  the  surface  of  rocks  between  the  tide- 
marks,  great  numbers  being  often  found  standing  erect  side  by  side ; 
whilst  in  the  Nudihranclnate  order  generally  (consisting  of  the 
Doris,  Eolis,  and  other  ‘ sea-slugs’)  it  forms  a long  tube  with  a 
membranous  wall,  in  which  immense  numbers  of  eggs  (even  half  a 
million  or  more)  are  packed  closely  together  in  the  midst  of  a 
jelly-like  substance,  this  tube  being  disposed  in  coils  of  various 
forms,  which  are  usually  attached  to  Sea-weeds  or  Zoophytes.— The 
course  of  development,  in  the  first  and  last  of  these  instances,  may 
be  readily  observed  from  the  very  earliest  i^eriod  down  to  that  of 
the  emersion  of  the  embryo ; owing  to  the  extreme  transparence 
of  the  nidamentum  and  of  the  egg-membranes  themselves.  The 
first  change  which  will  be  noticed  by  the  ordinary  observer,  is  the 
‘ segmentation’  of  the  yolk-mass,  which  divides  itself  (after  the 
manner  of  a cell  undergoing  binary  subdivision)  into  two  parts,  each 
of  these  two  into  two  others,  and  so  on  until  a morula  or  mulberry- 
like mass  of  minute  yolk-segments  is  produced  (Fig.  403,  a — f), 
which  is  converted  by  ‘ invagination’  into  a ‘gastrula’  (§  391),  whose 
form  is  shown  at  g.  This  ‘ gastrula’  soon  begins  to  exhibit  a very 
curious  alternating  rotation  within  the  egg,  two  or  three  turns 

♦ See  the  Eev.  W.  Houghton  ‘ On  the  Par.asitic  Nature  of  the  Fry  of 
till-  Anodonta  ciKjnea,'  in  “ Quart.  Joura.  of  Mierosc.  Sci.,”  N.S.,  Vol.  ii.  (1861), 
I>.  162  ; and  Balfour  op.  cit.  pp.  220-223. 
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Embryonic  Development  of  Doris  bilametlata : — A,  Ovum,  consisting  of 
enveloping  membrane  a,  and  yolk  6 ; B,  C,  D,  E,  F,  successive  stages  of 
segmentation  of  yolk ; g,  first  marking-out  of  the  shape  of  the  embn  o : 
H,  embryo  on  the  8th  day;  i,  the  same  on  the  9th  day;  k,  the  same  on 
the  12th  day,  seen  on  the  left  side  at  l;  M,  still  more  advanced  embryo, 
Seen  at  x as  retracted  ■within  its  shell : — a,  superficial  layer  of  yolk- 
segments  coalescing  to  give  oiigin  to  the  shell;  c,  c,  ciliated  lobes; 
d,  foot ; g,  hard  plate  or  operculum  attached  to  it ; 7;^  stomach ; i,  intes- 
tine, 711,  71,  masses  (glandular?)  at  the  sides  of  the  oesophagus; 
o,  heart  (?);  s,  retractor  muscle  (?) ; 7,  situation  of  funnel;  r,  raembinuo 
enveloping  the  body ; x,  auditoi^y  vesicles ; y,  mouth. 
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belli"  made  iu.  one  direction,  and  the  same  number  in  a reverse 
direction  : this  movement  is  due  to  the  cilia  fringing  a sort  of  fold 
of  the  ectoderm  termed  the  velum,  which  afterwards  usually  gives 
origin  to  a pair  of  large  ciliated  lobes  (ii— L,  c)  resembling  those  of 
Kotifers.  The  velnm  is  so  little  develojped  in  Li’nmoeus,  however, 
that  its  existence  has  been  commonly  overlooked  until  recognized 
by  Prof._Ea,y  Lankester,*  who  also  has  been  able  to  distinguish  its 
fringe  of  minute  cilia.  This,  however,  has  only  a transitory  exist- 
ence ; and  the  later  rotation  of  the  embryo,  which  presents  a very 
curious  spectacle  when  a number  of  ova  are  viewed  at  once  under  a 
low  magnifying  power,  is  dae  to  the  action  of  the  cilia  fringing  the 
head  and  foot. 

582.  A_ separation  is_  usually  .seen  at  an  early  period,  between 
the  anterior  or  ‘ cephalic’  portion,  and  the  posterior  or  ‘ visceral’ 
portion,  of  the  embryonic  mass  ; and  the  development  of  the  former 
advances  with  the  greater  activity.  One  of  the  first  cbanges  which 
is  seen  in  it,  consists  in  its  extension  into  a sort  of  fin-like  mem- 
brane on  either  side,  the  edges  of  which,  are  fringed  with  long  cilia 
(Pig,  403,  II — L,  c),  whose  movements  may  be  clearly  distinguished 
whilst  the  embryo  is  still  shut-up  within  the  egg ; 'at  a very  early 
period  may  also  be  discerned  the  ‘ auditory  vesicles’  (k,  iv)  or  rudi- 
mentary organs  of  hearing  (§  587),  which  scarcely  attain  any 
higher  development  in  these  creatures  during  the  whole  of  life; 
and  from  the  immediate  neighbourhood  of  these  is  put-forth  a pro- 
jection, which  is  afterwards  to  be  evolved  into  the  ‘foot’  or 
muscular  disk  of  the  animal.  While  these  organs  are  making 
their  appearance,  the  shell  is  being  formed  on  the  surface  of  the 
posterior  portion,  appearing  first  as  a thin  covering  over  its  hinder 
part,  and  gradually  extending  itself  until  it  becomes  large  enough 
to  enclose  the  embryo  completely,  when  this  contracts  itself.  The 
ciliated  lobes  are  best  seen  in  the  embryoes  of  Niidibranchs  ; and 
the  fact  of  the  universal  presence  of  a shell  in  the  embryoes  of  that 
group  is  of  peculiar  interest,  as  it  is  destined  to  be  cast-off  very 
soon  after  they  enter  upon  active  life.  These  embryoes  may  be 
seen  to  move-about  as  freely  as  the  narrowness  of  their  prison 
permits,  for  some  time  pi’evions  to  their  emersion ; and  when  set 
free  by  the  rupture  of  the  egg-cases,  they  swim  forth  with  great 
activity  by  the  action  of  their  ciliated  lobes, — these,  like  the  ‘ wheels’ 
of  Eotifera,  serving  also  to  bring  food  to  the  mouth,  which  is  at  that 
time  unprovided  with  the  reducing  apparatus  subsequently  found 
in  it.  The  same  is  true  of  the  embryo  of  Lymnceus,  save  that  its 
swimming  movements  are  less  active,  in  consequence  of  the  non- 
development of  the  ciliated  lobes;  and  the  currents  produced  by 
the  cilia  that  fringe  the  head  and  the  orifice  of  the  respiratory  sac, 
seem  to  have  reference  chiefly  to  the  provision  of  supplies  of  food, 

* See  his  valuable  ‘Observations  on  the  Development  of  Linmwus  stagnaUs, 
ami  on  the  early  stages  of  other  Mollusca,’  in  “Quart.  Joiirn.  Microsc.  Science,” 
Oct.  1874.  See  also  Lereboullct,  ‘ Eecherches  sur  le  D6velopiiement  du  Lim- 
nd(‘,’  in  “ Ann.  des  Sci.  Nat.  Zool.,”  4i6me.  Sdr.,  Tom.  xviii.  p.  47. 
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and  of  aerated  water  for  respiration.  The  disappearance  (d’  the 
cilia  has  been  observed  by  Mr.  Hogg  to  be  coincident  with  the 
development  of  the  teeth  to  a degree  sufficient  to  enable  the  youiK>- 
water-snail  to  crop  its  vegetable  food ; and  he  has  further  asce 
tained  that  if  the  growing  animal  be  kept  in  fresh  water  alone  for 
some  time,  without  vegetable  matter  of  any  kind,  the  gastric  teeth 
are  very  imperfectly  developed,  and  the  cilia  are  still  retained.* 

583.  A very  curious  modification  of  the  ordinary  plan  of  deve- 
lopment is  presented  in  the  Purpura  laiiillus ; and  it  is  probable 
that  something  of  the  same  kind  exists  also  in  Btuxmum,  as  well 
as  in  other  Gasteropods  of  the  same  extensive  Order  {Pectini- 
hranchiata). — Each  of  the  capsules  already  described  (§  581)  con- 
tains from  500  to  600  egg-like  bodies  (Fig.  404,  a),  imbedded  in  a 
viscid  gelatinous  substance  ; but  only  from  1 2 to  30  embryoes  usually 
attain  complete  development ; and  it  is  obvious  from  the  large  com- 
parative size  which  these  attain  (Fig.  405,  b),  that  each  of  them 
must  include  an  amount  of  substance  equal  to  that  of  a gi-eat 
number  of.  the  bodies  originally  found  within  the  cai^sule.  The 
explanation  of  this  fact  (long  since  noticed  by  Dr.  J.  E.  Gray,  in 
regard  to  Buccinum)  seems  to  be  as  follows  : — Of  those  500  or  600 
egg-like  bodies,  only  a small  part  are  fertile  ova,  the  remainder 

being  unfertilized  eggs,  the 
yolk-material  of  which  seiwes 
for  the  nutrition  of  the  em- 
bryoes in  the  later  stages  of 
their  intra-capsular  life.  The 
distinction  between  them  ma- 
nifests itself  at  a very  early 
period,  even  in  the  first  seg- 
mentation ; for  while  the 
latter  divide  into  two  equal 
hemispheres  (Fig.  404,  b), 
the  fertilized  ova  divide 
into  a larger  and  a smaller 
segment  (n)  ; in  the  cleft 
between  these  are  seen  the 
minute  ‘ directive  vesicles.’ 
which  appear  to  be  always 
double  or  even  triple,  al- 
spherule;  B,  c,  e,  f,  g,  successive  stages  though,  from  being  seen 
of  segmentation  of  yolk-spherules;  D,  H,  ‘end  on,’  only  one  may  be 
I,  J,  K,  successive  stages  of  development  visible ; and  near  these  is 
of  early  embryoes.  generally  to  be  seen  a clear 

space  in  each  segment.  The 
difference  is  still  more  strongly  marked  in  the  subsequent  divisions ; 
for  whilst  the  cleavage  of  the  infertile  eggs  goes-ou  irregularly,  so 
as  to  divide  each  into  from  14  to  20  segments,  having  no  definite- 
ness of  arrangement  (c,  E,  F,  g),  that  of  the  fertile  ova  takes  i^lacc 

* See  “ Transact,  of  Microsc.  Soc.,’’  2nd  Ser.,  Yol.  ii.  (18u4),  p.  0.3. 
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Early  stages  of  Embryonic  Develop- 
•ft  laniUus : — A.  esrsr-like 
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in  such  a manuer  as  to  mark-out  the  distinction  already  alludcd-to 
between  the  ‘cephalic  and  the  ‘visceral’  portions  of  the  mass  (h)  ; 
and  the  evolution  of  the  foi-mer  into  distinct  organs  very  speedily 
commences.  In  the  first  instance,  a narrow  transparent  border  is 
seen  around  the  whole  embryonic  mass,  which  is  broader  at  the 
cephalic  portion  (i) ; next,  this  border  is  fringed  with  short  cilia, 
and  the  cephalic  extension  into  two  lobes  begins  to  show  itself ; 
and  then  between  the  lobes  a large  mouth  is  formed,  opening 
through  a short,  wide  oesophagus,  the  interior  of  which  is  ciliated, 
into  the  visceral  cavity,  occupied  as  yet  only  by  the  yolk-particles 
originally  belonging  to  the  ovum  (k). 

084.  Whilst  these  developmental  changes  are  taking  place  in  the 
embryo,  the  whole  aggregate  of  segments  formed  by  the  yolk- 

Fig.  405. 


Later  stages  of  embryonic  Development  of  Purpura  lapil- 
lu8 : — A,  conglomerate  mass  of  vitelline  segments,  to  which 
were  attached  the  embryoes,  a,  b,  c,  d,  e.— n,  full-size  embyro, 
in  more  advanced  stage  of  development. 

i deayage  of  the  infertile  eggs  coalesces  into  one  mass,  as  shown  at 
\ \,  Fig.  405 ; and  the  embryoes  are  often,  in  the  first  instance,  so 
L completely  buried  within  this,  as  only  to  be  discoverable  by  tearing 
|l.ts  portions  asunder : but  some  of  them  may  commonly  be  found 
li ipon  its  exterior;  and  those  contained  in  one  capsule  very  com- 
I, exhibit  the  different  stages  of  development  represented  in 
I ?’ig.  404,  II— K.  After  a short  time,  however,  it  becomes  apparent 
rhat  the  most  advanced  embryoes  are  beginning  to  swalloio  the 
I olk-segments  of  the  conglomerate  mass ; and  capsules  will  not 
1;  nfrequently  be  met-with,  in  which  embryoes  of  various  sizes,  as 
I , h,  c,  d,  e (Fig.  405,  a),  are  projecting  from  its  surface,  their 
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differeuce  of  size  not  being  accompanied  by  advance  in  develop- 
ment, but  merely  depending  upon  tlie  amount  of  this  ‘ supple- 
jnental’  yolk  which  the  embryoes  have  respectively  gulped-down. 
For  during  the  time  in  which  they  are  engaged  in  appropriating 
this  additional  supply  of  nutriment,  although  they  increase  in  size. 
yet  they  scarcely  exhibit  any  other  change;  so  that  the  large 
embryo.  Fig.  405,  e,  is  not  apparently  more  advanced  as  regards 
the  formation  of  its  organs,  than  the  small  embryo.  Fig.  404,  k. 

So  soon  as  this  operation  has  been  completed,  however,  and  the 
embryo  has  attained  its  full  bulk,  the  evolution  of  its  organs 
takes-place  very  rapidly ; the  ciliated  lobes  are  much  more  highly 
developed,  being  extended  in  a long  sinuous  margin,  so  as  almost 
to  remind  the  observer  of  the  ‘ wheels’  of  Eotifera  (§  445),  and 
being  furnished  with  very  long  cilia  (Fig.  405,  b)  ; the  auditory 
vesicles,  the  tentacula,  the  eyes,  and  the  foot,  successively  make 
their  appearance;  a curious,  rhythmically-contractile  vesicle  is 
seen,  just  beneath  the  edge  of  the  shell  in  the  region  of  the  neck, 
which  may,  perhaps,  serve  as  a temporary  heart ; a little  later, 
the  real  heart  may  be  seen  pulsating  beneath  the  dorsal  part  of  the 
shell ; and  the  mass  of  yolk-segments  of  which  the  body  is  made- 
up,  gradually  shapes  itself  into  the  various  organs  of  digestion, 
respiration,  &c.,  during  the  evolution  of  which  (and  while  they  are 
as  yet  far  from  complete)  the  capsule  thins-away  at  its  summit, 
and  the  embryoes  make  their  escape  from  it.* 

585.  It  happens  not  unfrequently  that_  one  of  the  embryoes 
which  a capsule  contains  does  not  acquire  its  ‘ supplemental’  yolk 
in  the  manner  now  described,  and  can  only  proceed  in  its  develop- 
ment as  far  as  its  original  yolk  will  afford  it  material;  and  thus,  \ 
at  the  time  when  the  other  embryoes  have  attained  their  full  size 
and  maturity,  a strange-looking  creature,  consisting  of  two  large 
ciliated  lobes  with  scarcely  the  rudiment  of  a body,  may  be  seen 
in  active  motion  among  them.  This  may  happen,  indeed,  not  only 
to  one  but  to  several  embryoes  within  the  same  capsule,  especially 
if  their  number  should  be  considerable  ; for  it  sometimes  appears 
as  if  there  were  not  food  enough  for  all,  so  that  whilst  some  attain 
their  full  dimensions  and  complete  development,  others  remain  of 
unusually  small  size,  without  being  deficient  in  any  of  their  organs, 
and  others  again  are  more  or  less  completely  abortive,^ — the  supply 
of  supplemental  yolk  which  they  have  obtained  having  been  too 
small  for  the  development  of  their  viscera,  although  it  may  have 
afforded  what  was  needed  for  that  of  the  ciliated  lobes,  eyes, 

* The  Author  thinks  it  worth  while  to  mention  the  method  which  he  h.is 
found  most  convenient  for  examining  the  contents  of  the  egg-capsules  of  Piir- 
mira ; as  he  believes  that  it  may  be  advantageously  adopted  in  many  other 
cases'.  This  consists  in  cutting  off  the  trvo  ends  of  the  capsule  (taking  care 
not  to  cut  far  into  its  cavity),  and  in  then  forcing  a jet  of  water  through  it,  by 
inserting  the  end  of  a fine-pointed  syringe  (§  127)  into  one  of  the  orifices  thus 
made  so  as  to  drive  the  contents  of  the  capsule  before  it  through  the  other. 
Those  should  be  received  into  a shallow  cell,  and  first  examiucd  uuder  the 
Simple  Microscope. 


OILlAliY  MOTION  ON  GILLS. 
tentacles,  auditory  vesicles,  and  even  Gif' fnnf  ^ j^i  .1 

no  additional  supply  whakver  bavin. 

that  then- development  ha.  been  an-eeted  at  TI  ““ 

These  phenomena  are  of  so  remarkable  a character  thS  ?t~ 
furnish  an  aJjundant  source  of  interest  to  any  Mim-osconist 
inay  happen  to  be  spending  the  months  of  Auo^igt  an?l  si  S 
m a locality  in  which  the  abonnie  e^ty  mfeS  a 

sufficient  number  ol  capsules,  no  difficult v nepd  Lp 
arriving  at  all  the  facia  which  have  bIr?ofedlr  ISti'l 
summary^  It  is  much  to  be  desired  that  such  MicroscoSsts  ^ 
possess  the  lequisite  opportunity,  would  apply  themselves^  to  the 
study  of  the  corresponding  history  in  other  Pectinibranchiate  Ghiste 
ropods  with  a view  of  determining  how  far  the  plan  now  described 
through  the  Order.  And  now  that  these  Mollusks  hLe 
been  brought  not  only  to  hve,  but  to  breed,  in  artificial  aqiuiHa 
it  may  be  anticipated  th^  a great  addition  to  our  knowlid.^of 
this  paid  of  their  life-history  will  ere  long  be  made. 

ooD.  wiiiarii  Ufotion  on  GUIs. — There  is  no  obiect  thnt  T-io-i+m. 
suited  to  exhibit  the  general  phenomena  of  Ciliary  motion  (S  4,35) 
than  a portion  of  the  gill  of  some  bivalve  Mollusk.  The 
jvill  answer  the  purpose  sufficiently  well ; but  the  cilia  are  much 

1?^’  Mussel, f as  they  are  also  on  those  of  the 

Anodon  or  common  ‘fresh-water  mussel’  of  our  ponds  and  streams 

S thl°^-r°?iu  ^f<^«ssary  than  to  detach  a small  portion  of  one 
of  the  riband-hke  bands,  which  will  be  seen  running  parallel  with 
the  edge  ot  each  of  the  valves  when  the  shell  is  ojened  and  t 
Sno^n  little  of  the  liquor  contained  within  the  shell, 

glass  —taking  care  to  spread  it  out  sufficiently  with 
needles  to  separate  the  5ars  of  which  it  is  composed,  since  it  is  on 
the  edges  of  these,  and  round  their  knobbed  extremities,  that  the 
cdiary  movement  presents  itself, -and  then  covering  it  with  a 

to  place  the  object  in  the 
Aquatic-box  (§  122),  which  will  enable  the  observer  to  su^biect  it  to 

nowp  ^ convenient.  A magnifyin. 

power  of  about  120  diameters  is  amply  sufficient  to  affoixl  a 

oa  this  subject  will  be  found  in  the  Author’s  account  of  hw 
‘^^’aa®actions  of  the  Microscopical  Societj',”  2nd  Ser.,  Vol  iii 
and  DampUa  ^^*1  account  of  the  process  was  called  in  question  by  MM.  Koreii 
and  Danielssen,  who  had  previously  given  an  entirely  different  version  of  it 

Hist^^L^d  observations  of  Dr.  Djster ; see  “Ann.  of  Nat.’ 

' Clanarf-de  on^i’n^i  independent  observations  of  M. 

UapaiMe  on  the  development  of  Neritina  fluviatilis  (Muller’s  “ Archiv  ” IR.M 

:P  109,  and  abstract  in  “Ann.  of  Nat.  Hist.,”  2nd  Ser  Vol  xx  (1857)  n lOt) 

iSSlrs^nSt  that  species  to  be  the  same  in  allis^ntiSl 

The  subject  has  again  been  recently  studied 
iS  fill-  Zoologie!” 

>at  tlPshons  of'Sp  c ‘7  obtained,  not  merely  at  the  sea-side,  but  likewise 
midland  tow  ^ fishmongers  who  supply  the  humbler  classes,  even  in 
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jfGiieral  view  of  this  spectacle;  hut  a much  greater  amplification 
is  needed  to  bring  into  view  the  peculiar  mode  in  which  tlie  stroke 
of  each  cilium  is  made.  Few  spectacles  are  more  striking  to  the 
unprepared  mind,  than  the  exhibition  of  such  wonderful  activity 
as  will  then  become  apiDarent,  in  a body  which  to  all  ordinary 
observation  is  so  inert.  This  activity  serves  a double  purpose ; for 
it  not  only  drives  a continual  current  of  water  over  the  surface  of 
the  gills  themselves,  so  as  to  effect  the  aeration  of  the  blood,  but 
also  directs  a portion  of  this  current  (as  in  the  Tunimtn,  § 555) 
to  the  mouth,  so  as  to  supply  the  digestive  apparatus  with  the 
aliment  afforded  by  the  l)iatomacc(je,  Infusoria,  &c.,  which  it 
carries-iu  with  it. 

587.  Organs  of  Sense  of  IIoUuslcs. — Some  of  the  minuter  and 
more  rudimentary  forms  of  the  special  organs  of  sight,  hearing,  and 
touch,  which  the  Molluscous  series  presents,  are  very  interesting 
objects  of  Microscopic  examination.  Thus,  just  within  the  margin 
of  each  valve  of  Pecten,  we  see  (when  we  observe  the  animal  in  its 
living  state,  under  water)  a row  of  minute  circular  points  of  great 
brilliancy,  each  surrounded  by  a dark  ring ; these  are  the  eyes, 
with  which  this  creature  is  provided,  and  by  which  its  peculiarly- 
active  movements  are  directed.  Each  of  them,  when  their  struc- 
ture is  carefully  examined,  is  found  to  be  protected  by  a sclerotic 
coat  with  a transparent  cornea  in  front ; and  to  possess  a coloured 
iris  (having  a pupil)  that  is  continuous  with  a layer  of  pigment 
lining  the  sclerotic,  a crystalline  lens  and  vitreous  body,  and  a 
retinal  expansion  proceeding  from  an  optic  nerve  which  passes  to 
each  eye  from  the  trunk  that  runs  along  the  margin  f>f  the  mantle.* 
— Eyes  of  still  higher  organization  are  borne  upon  the  head  of 
most  Gasteropod  Mollusks,  generally  at  the  base  of  one  of  the  pairs 
of  tentacles,  but  sometimes,  as  in  the  Snail  and  Slug,  at  the  points 
of  these  organs.  In  the  latter  case,  the  tentacles  are  furnished 
with  a very  peculiar  provision  for  the  protection  of  the  eyes ; for 
when  the  extremity  of  either  of  them  is  touched,  it  is  drawn-back 
into  the  basal  part  of  the  organ,  much  as  the  finger  of  a glove  may 
be  pushed-back  into  the  palm.  The  retraction  of  the  tentacle  is 
accomplished  by  a strong  muscular  band,  which  arises  within  the 
head,  and  proceeds  to  the  extremity  of  the  tentacles ; whilst  its 
protrusion  is  effected  by  the  agency  of  the  cii'cular  bands  with 
which  the  tulDular  wall  of  the  tentacle  is  itself  furnished,  the  in- 
verted portion  being  (as  it  were)  squeezed-out  by  the  contraction 
of  the  lower  jiart  into  which  it  has  been  drawn  back.  The  struc- 
ture of  the  eyes,  and  the  curious  provision  just  described,  may 
easily  be  examined  by  snipping-off  one  of  the  eye-bearing  tentacles 
with  a pair  of  scissors. — None  but  the  Cephalopod  Mollusks  have 
distinct  organs  of  hearing;  but  rudiments  of  such  organs  may  be 
found  in  most  Gasteropods  (Fig.  403,  ic,  x),  attached  to  some  part 
of  the  nervous  collar  that  surrounds  the  oesophagus  ; and  even  in 
* See  ]\[r.  S.  .T.  Hickson  on  ‘ Tlic  Eye  of  recten,’  in  » Quart.  .Toiiru.  Microsc. 
.Sci.,”Yol  XX,  N.S.  (1880),  p.  443. 
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in  the  base  of  thrS^oR^'^rhese^'^  ganglion  imbedded 

termed,  are  minute  sacculi,  each  of  whieb 

are  suspended  a number  of  minute  ^ '''^lierein 

otoliths  or  ear-stones),  which  are  Pf ^'^^icles  (named 

moment  by  the  ^esldes^ 

m!tti.K  the\ead  of  fnVl  JlT„rn„r  “"b- 

teropod,  or  the  youno’  of  the  iTi-fTo  f flnck-skinned  Gas- 

under  the  Microiope°  and  tran;nfitting  a strLf  "Sht 

very  delicate  tentacles  which  they  Lye1;he  ® 

from  the  margin’ of  their  mantle  tbo  . P°'^®\of  putting-forth 

shallow  cell,  o\-  in  the  zoophyte-trough  • aladff  the’^"] 
be  fortunate  enouo-h  to  obtain  a observer  should 

are  quite  transparent,  he  will  find  th?^^^  «o  young  that  the  valves 
ciliary  movement  of  the  Jls  as  well  a,  presented  by  the 

(of  which  the  adult  can  ma£  no  P'V  »f  *bo  foot 

than  a cursory  glance  *“  '’"‘*'7  ««  “»re 

examining  theC4  curion.n^^^^^^^  opportunity  of 

changing  its  hue.  ^This  consists \^nThr  their  skin  contains  for 

‘pigment-cells,’  contoin^  of  numerous  large 

p-evaihng  colour,  howevei?  being  th^at  of  t4  i 

These  pigment-cells  may  present  very  diffpi-pnt  fn  i ^ ink-bag. 
times  nearly  globular  whilst  nt  r,tb/+-  ii^  forms,  being  some- 
extended  inte  radiatiU  iJvninv!  ? times  they  are  flattened  and 
tractility  with  which  tlfe^  a rp  p°^1  peculiar  con- 

the  other  of  th^sTcon^  to 

ttents  over  a comnarativplv  u’  spiead  their  coloured  con- 

•a  compara?ivdy-rS  or  to  limit  them  within 

:layers  of  these  oiamL  lpP;  «°™n]y  there  are  dilferent 
:-n  each  layea  ; S?  thuf^"  -p?/ 

;iven,  by  the  alteration  in  the  for  J^f  the  ppI^^^^ 
mother  layer  is  made-un  Tt  ta  p • * f which  one  or 

me  of  the  ekij  wpLr'^io  be  ,'nfl  “""i  ‘•'“t  the  changes  in  the 

lhameleon,  by  the  Colour  of  the  ?o  *be  case  of  the 

TOximity.  l^e  alternate  eon/  be  in 

:'S“de‘taihS  f m='7°be  eaV^rvTin ‘a  %“e 

^'SiwS  ?fTo^e“Ltrfth:?k£r 

:ittle-fish  whipb  fhe  embryo 

ilvancem»t  in  the  grape.iil“%g|  orttse\“  imtrat^^^^^^^^ 
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Sea-weedsj  ZoopRytes,  &c. — The  eggs  of  the  small  ciittlc-lish 
termed  the  Sepiola,  which  is  very  common  on  our  southern  coasts, 
are  imbedded,  like  those  of  the  Doris,  in  gelatinous  masses,  which 
are  attached  to  Sea-weeds,  Zoophytes,  &c.  ; _and  their  emhryoes, 
when,  near  maturity,  are  extremely  beautiful  and  interesting 
objects,  being  sufficiently  transpai’ent  to  allow  the  action  of  the 
heart  to  be  distinguished,  as  well  as  to  show  most  advantageously 
the  changes  incessantly  occurring  in  the  form  and  hue  of  the 
‘ chromatophores.’ 


CHAPTER  Xyil. 


ANXULOSA,  OR  'WORMS. 


589.  UXDER  the  general  designation  of  ‘Annulose’  animals,  or 
Worms,  may  bo  grouped -together  all  that  lower  portion  of  the 
great  Arhmlated  feub-kingdom,  in  which  the  division  of  the  body 
into  longitudinally-arranged  segments  is  not  distinctly  marked-out 
and  there  IS  an  absence  of  those  ‘ articulated’  or  minted  limbs 
that  constitute  so  distinct  a feature  of  Insects  and  their  allies, 
ibis  group  includes  the  classes  of  Eniozoa  or  Intestinal  Worms 

or  Wheel-animalcules,  Turhellaria,  and  Annelida;  each 

•that  Microscopic  examination, 

that  aie  of  the  highest  scientihc  interest.  As  our  business 
however,  is  less  with  the  professed  Physiologist,  than  with  the 
...,eneral  inquirer  into  the  minute  wonders  and  beauties  of  Nature 
we  shall  pass  over  these  classes  (the  Rotifera  havino-  been  already 

irrS°*  T ^ of '’such  points  as 

the  latSr  ord^  deserving  the  attention  of  observers  of 

590.  Exiozoa.— This  class  consists  almost  entirely  of  animals 

peculiar  plan  of  organization,  which  are  parasitic  within 
the  bodies  of  other  animals,  and  ivhich  obtain  their  nutriment  by 
the  absorption  of  the  juices  of  these,— thus  bearing  a striking 
WnF  .parasitic  Fungi  (§§  .312-316).  The  most  remarkable 
t.ature  in  their  structure  consists  in  the  entire  absence  or  the 
extremely  low  development  of  their  nutritive  system,  and  the 
extraoidinary  development  of  their  reproductive  apparatus.  Thus 
in  the  common  Tcmia  (‘tape-worm’),  which  may  be  taken  as  the 
o ° rhe  Cestoid  group,  there  is  neither  mouth  nor  stomach, 
being  ^merely  an  organ  for  attachment,  whilst 
le  segments  of  the  body  contain  repetitions  of  a complex  gene- 
rative apjiaratus,  the  male  and  female  sexual  organs  being  so 
united  in  each  as  to  enable  it  to  fertilize  and  bring  to  maturity  its 
own  very  numerous  eggs  ; and  the  chief  connection  between  these 
segments  is  established  by  two  pairs  of  longitudinal  canals,  which, 

as  representing  a digestive  apparatus, 
+l,«  < as  a circulating  system,  appear  really  to  represent 

water- vascular  system,’  whose  simplest  condition  has  been 
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noticod  in  the  Whecl-aninialcnle  (§  449). — Few  among  the  recent 
results  of  Microscopic  inquiry  have  been  more  curious,  than  the 
elucidation  of  the  real  nature  of  the  bodies  formerly  denominated 
(yijsttc  Entozoa,  which  had  been  previously  ranked  as  a distinct 
group.  These  are  not  found,  like  the  jireceding,  in  the  cavity 
of  the  alimentary  canal  of  the  animals  they  infest;  but  always 
occur  in  the  substance  of  solid  organs,  such  as  the  glands,  muscles. 
Ac.  ^ They  present  themselves  to  the  03'e  as  bags  or  vesicle.s  of 
various  sizes,  sometimes  occurring  singly,  sometimes  in  groups  ; 
but  upon  careful  examination  each  vesicle  is  found  to  bear  upon 
some  part  a ‘ head’  furnished  with  booklets  and  suckers  ; and  this 
may  be  either  single,  as  in  Cysticercus  (the  entozoon  whose 
presence  gives  to  pork  what  is  known  as  the  ‘ measly’  disorder),  or 
multiiile,  as  in  Gcenur us,  which  is  developed  in  the  brain,  chiefly  of 
sheep,  giving  rise  to  the  disorder  known  as  ‘the  staggers.’  Xow 
in  none  of  these  Cystic  forms  has  any  generative  apparatus  ever 
been  discovered,  and  hence  they  are  obviously  to  be  considered  as 
imperfect  animals.  The  close  resemblance  between  the ‘heads’ of 
certain  Cysticerci  and  that  of  certain  Tcenice  first  suggested  that 
the  two  might  be  different  states  of  the  same  animal;  and  ex- 
periments made  by  those  who  have  devoted  themselves  to  the 
working-out  of  this  curious  subject  have  led  to  the  assured  con- 
clusion, that  the  Cystic  Entozoa  are  nothing  else  than  Cestoid 
Worms,  whose  development  has  been  modified  by  the  peculiarity 
of  their  position, — the  large  bag  being  formed  by  a sort  of  dropsical 
accumulation  of  fluid  when  the  young  are  evolved  in  the  midst  of 
soHd  tissues,  whilst  the  very  same  bodies,  conveyed  into  the 
alimentary  canal  of  some  carnivorous  animal  which  has  fed  upon 
the  flesh  infested  with  them,  begin  to  bud-forth  the  generative 
segments,  the  long  succession  of  which,  united  end-to-end,  gives  to 
the  entire  series  a Worm-like  aspect. 

591.  The  higher  forms  of  Entozoa,  belonging  to  the  Nematoid  or 
thread-like  Order, — of  which  the  common  Ascaris  may  be  taken  as 
a type,  one  species  of  it  (the  A.  himhricoides,  or  ‘round  worm’) 
being  a common  parasite  in  the  small  intestine  of  man,  while 
another  (the  A.  vermicular  is,  or  ‘ thread-worm’)  is  found  rather  in 
the  lower  bowel, — approach  more  closely  to  the  ordinary  type  of 
conformation  of  Worms ; having  a distinct  alimentary  canal, 
which  commences  with  a mouth  at  the  anterior  extremity  of  tlie 
bod3q  and  which  terminates  by  an  anal  orifice  near  the  other 
extremity ; and  also  possessing  a regular  arrangement  of  circular 
and  longitudinal  muscular  fibres,  by  which  the  body  can  be 
shortened,  elongated,  or  bent  in  any  direction.  The  smaller  specie.s 
of  Ascaris,  by  some  or  other  of  which  almost  every  Vertebrated 
animal  is  infested,  are  so  transparent  that  every  part  of  their 
internal  organization  may  be  made-out,  especially  with  the  assist- 
ance of  the  Compressor  (§  125)  without  any  dissection ; and  the 
study  of  the  structure  and  actions  of  their  Grenerative  apparatus 
lias  yielded  many  very  interesting  results,  esijccially  in  regard  to 
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the  first  formation  of  the  ova,  the  mode  of  their  fertilization,  and 
®”^®®duent  development.— Some  of  the  Worms 
be  ongmg  to  this  group  are  not  parasitic  in  the  bodies  of  other 
nnimals,  but  live  in  the  midst  of  dead  or  decomposing  Vegetable 
matter.  The  Gordius  or  ‘hair-worm,’  which  is  peculiar°in  not 
laving  any  perceptible  anal  orifice,  seems  to  be  properly  a parasite 

iaro-e  knntT^^^^  water-insects ; but  it  is  frequently  found  in 
iaige  knot-ldie  masses  (whence  its  name)  in  the  water  or  mud  of 
the  pools  inhabited  by  such  insects,  and  may  apparently  be  deve- 
lopedm  these  situations.  The  Anguillulce  are  little  eel-like  worms 
of  which  one  species,  is  very  often  found  in  fresh- 

x\atei  amongst  Desaudiece,  Gonfervce,  &c.,  also  in  wet  moss  and 
W?  T’l  sometimes  also  in  the  alimentary  canals  of  snaiLs 

f larger  worms;  whilst  another  species, 

A tntm  met-with  in  the  ears  of  Wheat  affected  with  the  blight 
termed  the  cockle ; another,  the  A.  cjhitinis,  is  found  in  sour 
another,  the  A.  aceti,  was  often  found  in  stale  vinegar 
coaiplete  removal  of  mucilage  and  the  addition  of 

liniid  o t the  counse  of  the  manufacture,  rendered  this 
liquid  a less  favourable  ‘habitat’  for  these  little  creatures.  A 
writhing  mass  of  any  of  these  species  of  ‘ eels,’  is  one  of  the  most 
curious  spectacles  which  the  Microscopist  can  exhibit  to  the  un- 
lentific  obs^er^r;  and  the  capability  which  they  all  possess  (in 

fSaLri  Tardigrades,  § 452),  .JiJ  aftS 

+1  r ’ ^^^o'^ever  remote  an  interval,  enables  him  to  com- 
mand  the  spectacle  at  any  time.  A grain  of  wheat  within  which 
ihese  worms  (o  ten  erroneously  called  Vihriones)  are  being  de- 

appearance  of  a black  pepper-corn; 
<ind  It  It  be  divided  in  two,  the  interior  will  be  found  almost 


14-1  T *7  UXJ.C  J.U.LCX1UI  WJ.U  ut}  lounci  a 

<,ompletel7  filled  with  a dense  white  cottony  mass,  occupying  the 

^glutinous  matter.  The  cottony  substance  seems  to  the  eye  to 

packed-together;  but  on 
portion  and  putting  it  under  the  Microscope 
+•  ^hin  glass-cover,  it  will  be  found  after  a 

ip  immediately)  to  be  a wrigghug  mass  of  life,  the 

or  ‘eels’ of  the  Micro- 

first ; their  movements,  however,  are  by  no  means 

freauentlv^n^V^^°r  A.  glutinis  or  ‘ paste-eel.’  This  last 

requently  nnikes  its  appearance  spontaneously  in  the  midst  of 

paste  that  is  turning  sour ; but  the  best  means  of  securing  a supply 

'''  allowing  a portion  of  any  mass  of 
lavfno-  tlfi!!T  themselves  to  dry  up,  and  then, 

into  a ma<?ci  nf  T wanted,  to  introduce  it 

winbe  fo^inrl  ' paste,  which,  if  it  be  kept  warm  and  moist. 
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592.  Besides  the  foregoing  Orders  ol:  Eutozoa,  the  Tremaiode 
groui')  niiist  bo  named ; of  which  the  Distama  hepatiruni  or  ‘ fluke,’ 
found  in  the  livers  of  Sheep  affected  with  the  ‘ rot,’  is  a typical 
example.  Into  the  details  of  the  structure  of  this  animal,  which 
has  the  general  form  of  a sole,  there  is  no  occasion  for  us  here  to 
enter ; it  is  remai'kable,  however,  for  the  branching  form  of  its 
digestive  cavity,  which  extends  tliroughout  almo.st  the  entire  body, 
veiy  much  as  in  Planariae  (Eig.  406) ; and  also  for  the  curious 
phenomena  of  its  development,  several  distinct  forms  being  passed 
tlu-ough  between  one  sexual  generation  and  another.  These  have 
been  especially  studied  in  the  Distoma,  which  infests  the  Lymnams ; 
the  ova  of  which  are  not  developed  into  the  likeness  of  their 
]:>arents,  but  into  minute  worm-like  bodies,  which  seem  to  be  little 
else  than  masses  of  cells  enclosed  in  a contractile  integument,  no 
formed  organs  being  found  in  them  ; these  cells,  in  their  turn,  are 
developed  into  independent  zooids,  which  escape  from  their  con- 
taining cyst  in  the  condition  of  free  ciliated  Animalcules ; in  this 
condition  they  remain  for  some  time,  and  then  imbed  themselves 
in  the  mucus  that  covers  the  tail  of  the  Mollusk,  in  which  they 
undergo  a gradual  develoiDment  into  true  Distomata;  and  having 
thus  accpiired  their  perfect  form,  they  penetrate  the  soft  integu- 
ment, and  take-up  their  habitation  in  the  interior  of  the  body. 
Thus  a considerable  number  of  Distomata  may  be  produced  from 
a single  ovum,  by  a process  of  cell-multiplication  in  an  early  stage 
of  its  development.  In  some  instances  the  free  ciliated  larva 
possesses  distinct  eyes  ; although  these  organs  ai’e  wanting  in  the 
fully  developed  Distoma,  the  peculiar  ‘ habitat'  of  which  would 
render  them  useless. 

593.  Turuellauia. — This  group  of  animals,  which  is  distin- 
guished by  the  presence  of  cilia  over’ the  entire  surface  of  the  body, 
seems  intermediate  in  some  respects  between  the  ‘trematode’  Eu- 
tozoa  and  the  Leech-tribe  among  Annelida.  It  deseiwes  special 
notice  here,  chiefly  on  account  of  the  frequency  with  which  the 
worms  of  the  Planarian  tribe  present  themselves  among  collections 
both  of  marine  and  of  fresh-water  animals  (particular  species  in- 
habiting either  locality),  and  on  account  of  the  curious  organization 
which  many  of  these  possess.  Most  of  the  members  of  this  tribe 
have  elongated  flattened  bodies,  and  move  by  a sort  of  gliding  or 
crawling  action  over  the  surfaces  of  aquatic  Plants  and  Animals. 
8ome  of  the  smaller  kinds  are  snfSciently  transparent  to  allow  of 
their  internal  structure  being  seen  by  transmitted  light,  especially 
when  they  are  slightly  compressed;  and  the  accompanying  figure 
(Fig.  406)  displays  the  general  conformation  of  their  principal 
organs,  as  thus  shown.  The  body  has  the  flattened  sole-like  shape 
of  the  Trematode  Entozoa ; its  mouth,  which  is  situated  at  a con- 
siderable distance  from  the  anterior  extremity  of  the  body,_  is 
surrounded  by  a circular  sucker  that  is  applied  to  the  living 
Surface  from  which  the  animal  draws  its  nutriment;  and  the 
buccal  cavity  (5)  opens  into  a short  cosoi^hagus  (c),  which  leads  at 
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once  to  the  cavity  of  the  stomach.  In  the  true  Planaricc  the 
month  IS  furnished  with  a sort  of  long  funnel-shaped  pXscis 
and  this,  even  when  detached  from  the  body,  continues  to  swallow 
anything  presented  to  it.  The  cavity  of  the  stomach  does  not  nive 
intestinal  tube,  nor  is  it  provided  with  any  second 


orifice ; but  a large  num- 
ber of  ramifying  canals 
are  prolonged  from  it, 
which  carry  its  contents 
into  every  part  of  the 
body.  This  seems  to 
render  unnecessary  any 
.system  of  vessels  for  the 
circulation  of  nutritive 
fluid ; and  the  two  jirin- 
cipal  trunks,  with  con- 
necting and  ramifying 
branches,  which  may  be 
observed  in  them,  are  pro- 
bably to  be  regarded  in 
the  light  of  a water- 
vascular  system,  the  func- 
tion of  which  is  essentially 
respiratory.  Both  sets  of 
sexnal^  organs  are  com- 
bined in  the  same  indivi- 
duals ; though  the  con- 
gress of  two,  each  impreg- 
nating the  ova  of  the 
other,  seems  to  be  generally 
necessary.  The  ovaria,  as 
in  the  Entozoa,  extend 
through  a large  part  of 
the  body,  their  ramifica- 
tions proceeding  from  the 
two  oviducts  {k,  k),  which 
have  a dilatation  (Z)  at 
their  point  of  junction. — 
There  is  still  much  ob- 
scurity about  the  history 
of  the  embryonic  develop- 
ment of  these  animals ; 
as  the  accounts  given  of 
it  by  different  observers 
by  no  means  harmonize 


Fig.  40G. 


Structure  of  Poli/cdiit  levif/atus  (a  Plauarian 
worm)  .—a,  Mouth,  surrouucled  by  its  circular 
sucker;  b,  buccal  cavitj';  c,  oesophageal  ori- 
iice ; dj  stomach ; e,  ramiiicatious  of  gastric 
canals cephalic  ganglia  and  their  nervous 
filaments;  g,  9,  testes;  //,  vesicula  seminalis; 
7,  male  genital  canal;  /•,  Z;,  oviducts;  I,  dilata- 
tion at  their  point  of  junction ; 711,  female 
genital  orifice. 


■with  each  other.* — The 
Planariae,  however,  do  not  multiply  by  eggs  alone  ; for  they  occa- 
sionally undergo  spontaneous  fission  in  a transverse  direction,  each 
* See  Balfour’s  “Comparative  Embryology,"  Tol.  i.,  pp.  ]r)0-162 
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segment  becoming  a perfect  animal ; and  an  artificial  division  into 
two  or  even  more  parts  may  be  practised  with  a like  result.  In 
lact,  the  power  of  the  Planarim  to  reproduce  portions  which  have 
been  removed,  seems  but  little  inferior  to  that  of  the  Hydra  (§  olh)  • 
a circirmstance  which  is  peculiarly  remarkable,  when  the  ranch 
higher  character  of  their  organization  is  borne  in  mind.  They  pos- 
sess a distinct  pair  of  nervous  ganglia  (/,  /'),  from  which  branches 
proceed  to  various  parts  of  the  body ; and  in  the  neighbourhood  of 
these  are  usually  to  be  observed  a number  (varying  from  2 to  40) 
of  oceZJi  or  rudimentary  eyes,  each  having  its  refracting  body  or 
ory.stalhne  lens,  its  pigment-layer,  its  nerve-bulb,  and  its  cornea-like 
bulging  of  the  skin.  The  integument  of  many  of  these  animals  is 
furnished  with  ‘ thread-cells’  or  ‘ filiferous  capsules,’  very  much 
resembling  those  of  Zooiihytes  (§  528). 

594.  — This  Class  includes  all  the  higher  kinds  of 

vVoim-like  animals,  the  greater  part  of  which  are  marine,  though 
there  are  several  sjiecies  which  inhabit  fresh  water,  and  some 
which  live  on  land.  The  body  in  this  class  is  usually  very  long, 
and  nearly  always  presents  a well-marked  segmental  division,  the 
segments  being  for  the  most  part  similar  and  equal  to  each  other, 
except  at  the  two  extremities ; but  in  the  lower  forms,  such  as 
the  Leech  and  its  allies,  the  segmental  division  is  very  indistinctly 
seen,  on  account  of  the  general  softness  of  the  integument.  A 
large  proportion  of  the  marine  Annelids  have  special  respiratory 
appendages,  into  which  the  fluids  of  the  body  are  sent  for  aeration  ; 
and  these  are  situated  upon  the  head  (Pig.  407),  in  those  species 
Avhich  (like  the  Serjmla,  l''ereLella,  Sahellaria,  &c.)  have  their 
bodies  enclosed^  by  tubes,  either  formed  of  a shelly  substance  pro- 
duced from  their  own  surface,  or  built-up  by  the  agglutination  of 
grains  of  sand,  fragments  of  shell,  &c. ; whilst  they  are  distributed 
along  the  two  sides  of  the  body  in  such  as  swim  freely  through  the 
Avater,  or  crawl  over  the  surfaces  of  rocks,  as  is  the  case  vflth  the 
Nereidce,  or  simply  bury  themselves  in  the  sand,  as  the  Arenicola 
or  ‘ lob-worm.'  In  these  respiratory  appendages  the  circulation  of 
the  fluids  may  be  distinctly  seen  by  Microscoj^ic  examination;  and 
these  fluids  are  of  two  kinds, — first,  a colourless  fluid,  containing 
numerous  cell-like  corpuscles,  which  can  be  seen  in  the  smaller  and 
more  transparent  species  to  occupy  the  space  that  intervenes  between 
the  outer  surface  of  the  alimentary  canal  and  the  inner  wall  of  the 
body,  and  to  pass  from  this  into  canals  which  often  ramify  exten- 
sively in  the  respiratory  organs,  but  are  never  furnished  with  a re- 
turning series  of  passages, — and  second,  afluidAvhich  is  usually  red, 
contains  few  floating  particles,  and  is  enclosed  in  a system  of  proper 
vessels  that  communicates  Avith  a central  propelling  organ,  and  not 
only  carries  away  the  fluid  aAvay  from  this,  but  also  brings  it  back 
again.  In  Terebclla  Ave  And  a distinct  provision  for  the  aeration  of 
both  fluids ; for  the  first  is  transmitted  to  the  teudi-il-like  tentaclc.s 
Avhich  surround  the  mouth  (Fig.  407,  h,  h),  whilst  the  second  circu- 
lates through  the  beautiful  arborescent  gill-tufts  (Ic,  Jc),  situated  just 
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beliiud  the  head.  The  former  are  covered  with  pilio  +v 
winch  continually  renews  the  stratum  nf  wr,+  . • action  ot 

whilst  the  latter  a?e7Jiitute  of^^  > 

these  organs  ; and  this  seems  to  be  Fro.  407. 

the  general  fact  as  to  the  several 
appendages  to  which  these  two 
huids  are  respectively  sent  for 
aeration,  the  nature  of  their  dis- 
greatly  in  the 
difterent  members  of  the  class. 

The  red  fluid  is  commonly  consi- 
dered as  blood,  and  the  tubes 
through  v/hich  it  circulates  as 
blood-vessels ; but  the  Author  has 
elsewhere  given  his  reasons*  for 
wmciding  in  the  opinion  of  Prof. 

Huxley,  that  the  colourless  cor- 
l^usculated  fluid  which  moves  in 
the  peri-visceral  cavity  of  the  body 
and  in  its  extensions,  is  that  which 
really  represents  the  blood  of  other 
Articulated  animals  ; and  that  the 
systeru  of  vessels  carrying  the 
red  fluid  is  to  be  likened  on  the  one 
hand  to  the  ‘ water- vascular  sys- 
tem of  the  inferior  Worms,  and  on 

the  other  to  the  tracheal  appa- 
ratus of  Insects  (§  634).— In  the 
observation  of  the  beautiful  spec- 
tacle presented  by  the  respiratory 
circulation  of  the  various  kinds  of 
Annelids  which  swarm  on  most 
ot  our  shores,  and  in  the  examina- 
tion of  what  is  going-on  in  the 
interior  of  their  bodies  (where 
this  IS  rendered  possible  by  their 
transparence),  the  Microsconist  r,- 
Avill  find  a most  fertile  souicJ^  of  Apparatus  of 

interesW  occunation  • i?  ^ 

rnTD-AnoPTr,  , and  he  tacles;  c,  first  segment  of  the  trunk; 

yeasuy,  with  care  and  patience,  ®km  of  the  back;  e,  pharynx;./; 

make  many  valuable  additions  to  ff,  longitudinal  muscles  of 

our  present  stock  of  knowledo-e  surface  of  the  body;  //, 

on  these  points.  There  are  glandular  organ  (liver?);  i,  organs 

of  these  mariup  A i • ® generation ; j,  feet;  Ic,  k,  branchia ; 

the  amiPTifl'in-p  which  I,  dorsal  vessel  acting  as  a respira- 

-n  + r various  kinds  heart ; m,  dorso-intestinal  vessel  ; 

put-iorth  from  the  sides  of  their  venous  sinus  surrounding  oosopha- 
' bodies  (furnish  very  beautiful  intestinal  vessel ; 

1 microscopic  objects;  as  do  also  the  L^nJhes.'''^ 

See  his  “Principles  of  Comparative  Physiology,”  4th  Edit.,  §§  218,  210,  292. 
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different  forms  of  teeth,  jaws,  &c.,  with  which  the  mouth  is  com- 
monly armed  in  the  free  or  non-tubicolar  species,  these  bciu<^ 
eminently  carnivorous. 

595.  The  early  history  of  the  Development  of  Annelids,  too,  is 
extrernely  curious  ; for  they  come  forth  from  the  egg  in  a condition 
veiy  little  more  advanced  than  the  ciliated  gemmules  of  rolypes, 
consisting  of  a globular  mass  of  untransformed  cells,  certain  parts 
of  whose  surface  are  covered  with  cilia ; in  a few  hours,  however, 
this  embryonic  mass  elongates,  and  the  indications  of  a segmental 
flivision  become  apparent,  the  head  being  (as  it  were)  marked-off 
in  front,  whilst  behind  this  is  a large  segment  thickly  covered  with 
cilia,  then  a narrower  and  non-ciliated  segment,  and  lastly  the 
caudal  or  tail-segment,  which  is  furnished  with  cilia.  A little 
later,  a new  segment  is  seen  to  be  interposed  in  front  of  the 
caudal ; and  the  dark  internal  granular  mass  shapes  itself  into  the 
outline  of  an  alimeiitary  canal.*  The  number  of  segments  pro- 
gressively increases  by  the  interposition  of  new  ones  between  the 
caudal  and  its  preceding  segments ; the  various  internal  organs 
become  rnore  and  more  distinct,  eye-spots  make  their  appearance, 
little  bristly  appendages  are  put-forth  from  the  segments,  and  the 
animal  gradually  assumes  the  likeness  of  its  parent;  a few  days 
being  passed  by  the  tubicolar  kinds,  however,  in  the  activel}' 
moving  condition,  before  they  settle  down  to  the  formation  of  a 
tube.f 

596.  To  carry  out  any  systematic  observations  on  the  embryonic 
development  of  Annelids,  the  eggs  should  be  searched-for  in  the 
situations  which  these  animals  haunt ; but  in  places  where  Anne- 
lids abound,  free- swimming  larvae  are  often  to  be  obtained  at  the 
same  time  and  in  the  same  manner  as  small  Medusae  (§  522) ; and 
there  is  pi-obably  no  part  of  our  coasts,  off  which  some  very  curious 
forms  may  not  be  met  with.  The  following  may  be  specially  men- 
tioned as  departing  widely  from  the  ordinary  type,  and  as  in  them- 
selves extremely  beautiful  objects. — The  Actinotroclia  (Fig.  408) 
bears  a strong  resemblance  in  many  particulars  to  the  ‘ bipinnarian’ 
larva  of  a Star-fish  (§  543),  having  an  elongated  body,  with  a series 
of  ciliated  tentacles  [d)  symmetrically  arranged ; these  tentacles, 
however,  proceed  from  a sort  of  disk  which  somewhat  resembles  the 

* A most  ciu'ious  transfomiatinn  once  occurred  witliiu  ilie  Author’s  expe- 
rience in  the  larva  of  an  Annelid,  which  was  furnisiied  with  a broad  collar  or 
disk  fringed  with  very  long  cilia,  and  showed  merely  an  appearance  of  seg- 
mentation in  its  hinder  part ; for  in  the  course  of  a few  miuutes,  during  which 
it  was  not  under  observation,  this  larva  assumed  the  ordinary  form  of  a marine 
Worm  three  or  four  times  its  previous  length,  and  the  ciliated  disk  entirely 
disappeared.  An  accident  unfortunately  prevented  the  more  minute  examiua- 
tion  of  this  Worm,  which  the  Author  Avould  have  otherwise  made;  but  he  may 
state  that  he  is  certain  that  there  was  no  fallacy  as  to  the  fact  above  stated  ; 
this  larva  having  been  placed  by  itself  in  a cell,  on  purpose  that  it  might  be 
carefully  studied,  and  having  been  only  laid  aside  for  a sliort  time  whilst  other 
selections  were  being  made  from  the  same  gathei'ing  of  the  Tow-net. 

t For  further  information  on  this  subject,  sei!  Balfour’s  “ Comparative 
Embryology,"  Chap,  xii.,  and  the  Memoirs  there  cited. 


Fig.  408. 
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lopliopliorc  of  certain  Polyzoa  ^ at  / \ • 

cealecl  by  a broad  but  pointed  hood  or  ‘epistome’TrTwii  -'^l 
times  closes-down  upon  the  tenta-  some- 

cular  disk,  but  is  sometimes  raised 
and  extended  forwards.  The  nearly 
cylindrical  body  terminates  abruptly 
at  the  other  extremity,  where  the  anal 
orifice  of  the  intestine  (&)  is  sur- 
rounded by  a circlet  of  very  large 
Cilia.  This  animal  swims  with  great 
activity,  sometimes  by  the  tentacular 
cilia,  sometimes  by  the  anal  circlet, 
sometimes  by  both  combined;  and 
besides  its  movement  of  progression, 
it  frequently  doubles  itself  together’ 
so  as  to  bring  the  anal  extremity 
and  the  epistome  almost  into  contact. 

It  is  so  transparent  that  the  whole 
of  its  alimentary  canal  may  be  as 
(-hstmctly  seen  as  that  of  Lao-un- 
cula  (§  549) ; and,  as  in  that  Poly- 
zoon,  the  alimentary  masses  often 
to  be  seen  within  the  stomach  (c) 
aie  kept  in  a continual  whirlincr 
movement  by  the  agency  of  cilia  with 
which  its  walls  are  clothed.  This 
A'ery  iiiteresting  creature  was  for 
a long  time  a puzzle  to  Zooloo-ists  ; 

.since,  although  there  could  be”little 
doubt  of  its  being  a larval  form,  there 
was  no  clue  to  the  nature  of  the  adult  a * r 
procincecl  tiom  it,  until  this  was  dis- f Epistome  or  hood-  h amm-  ^ 
covered  by  Krohn  in  1858  to  be  a stomach;  d,  ciliated’ tentacles’;  e’ 
brephyrean  Worm.-^  An  even  more  “ ’ 

extraordinary  departure  from  the 

!!o  is  presented^  by  the  larva  which  has  received  the 

ame  Pilidmm  (Fig.  409) ; its  shape  being  that  of  a helmet  the 
p ume  of  which  is  replaced  by  a single  long  bristle-liL  a^mendS 
oiiSe  motion,  its  point  moving  round  and  rlLd  in®a 

f See  c.specKally  Lcnckartand  Pagen.stecheF^  iJnt'S 
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597.  Among  the  animals  captured  by  the  Tow-net,  the  marine 
Zoologist  will  he  not  unlikely  to  meet  with  an  Annelid  which, 

Fio.  400. 


PiLidlinn  gyrans : — A,  young,  showing  at  a tho  alimentary 
canal,  and  at  5 the  rudiment  of  the  Nemertid ; — B,  more 
advanced  stage  of  the  same  ; — c,  newly- freed  NemertiA 

although  by  no  means  Microscopic  in  its  dimensions,  is  an  admi- 
rable subject  for  Microscopic  observation,  owing  to  the  extreme 
transparence  of  its  entire  body,  which  is  such  as  to  render  it 
difB.cult  to  be  distinguished  when  swimming  in  a glass  jar,  except 
by  a very  favourable  light.  This  is  the  Tomoiiteris,  so  named  from 
the  division  of  the  lateral  portions  of  its  body  into  a succession  of 
wing-like  segments  (Plate  xxiii.,  b),  each  of  them  cariying  at 
its  extremity  a pair  of  pinnules,  by  the  movements  of  which  it 
is  rapidly  propelled  through  the  water.  The  full-grown  animal, 

Seethiere,’ in  Muller’s  “Archiv,”  1853,  p.  569,  nud  Balfour,  op.  ciV.,  p.  165. 
The  Author  has  frequently  met  Avith  Filidium  in  Lamlash  Bay. 
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winch  measures  nearly  an  inch  in  IpnrrfT,  ^ ^ 

of  ‘frontal  horns'  profecting  laterally 
the  animal  the  appearance  of  a ‘hammei^heacled’^^ 
these  there  IS  a pair  of  verv  loner  •mfoi-,,  . Shark;  behind 
distinguish  a rio-id  bristle  lil-p  ^ each  of  which  we 

and  m'oved  at  irbase  w a aoft  sheath! 

lateral  protuberances  at  the  head  Behind  I, within  the 
pairs  of  the  ordinary  pinnnlSed  se^S  l*^TXwhe  t'‘^d'’“ 
ones  are  much  smaller  than  those  in  front ’err. 
size  until  they  become  almost  rudimentary  • nnrl^w^  lessening  m 
the  body  IS  continued  onwards  into  a tmllil-p  ^ 
length  of  which  varies  greatly  accnrrb'nrr  ^ Prolongation,  the 
tended.  This  prolongaS  ^loXer  fea*  ‘w  “0"*^“ 
very  minute  appendao-es  and  tbp  in+m’ ±oui  or  five  pairs  of 

extremity ; soXt  KXa%  to  be  letrfed 
the  body.  In  the  head  we  find,  between°the  ori!L  of°?hXt 
a ganglionic,  mass,  the  component  cells  of  Jb  b ^ i antennm, 
distinguished  under  a suificient  macrnifyino-  ^ ^ 1^®  clearly 

seated  upon  this  are  tw^TeSo^^^^^^^ 
pellucid  lens-like  body,  4h1ch  ar^obvio^J^^’^ 
whilst  imbedded  in  its^anS  or  rudimentary  eyes: 

vesicles,  u,  which  are  nrobaWv  tL  r'^  peculiar  nucleated 
sensory  organs.  On  the  Sndp7lll.^  r J^ecliments  of  some  other 
mouth,  which,  like  that  of  manv  o+b  situated  the 

a sort  of  proboscis  that  can  bp  m+l  /anelids,  is  furnished  with 
cosopha^Js  leaTto  an  eTonyateTsS  ?rdrawn.in ; ashort 
With  fluid,  occupies  the  w1io?p  ^l^eii  distended 

body,  as  sliown^rfil-B  but  wh^ 
tracted  as  to  be  like°a  Sere  cord  !bn 

appendage,  however  it  is  alwnvc’  7r  in  fig.  c.  In  the  caudal 
this,  when  the  appendrae  S ?n  IZZ  ^ intestinal  canal; 

straight;  but  when  the  -rnnendc  state  as  at  c,  is  nearly 

thrown  into  convolutions^  ^Tbe  contracted,  as  seen  at  b,  it  is 

fluid  in  whSh  some  Sinute  by 

; these  are  kept  in  mo™n  bv  eiHn  W ; and 

outer  surface  of  the  alimen+^i-D-  p ^^uch  clothe  some  parts  of  the 

of  the  body.  No  other  mm!>  T 

lation  or  for  the  aSation  of  tK  n f > «tfi<*r  for  the  circu- 

Worm  ; unless  we  Lre  to  7 rd  , '"‘-‘““a 

function  the  ciliated  canal  wbieb^^  subservient  to  the  respiratory 
lateral  appendages  excepMh^  fil  “Y  / ® observed  in  each  of  the 
meuces  by  two  (frifices  at  tlip  bn^p  Pali’s-  This  canal  com- 

E,  5,  and  on  a as  shown  at  flg. 

is  surrounded  by  I sort  of  rosP?7  ’ i ^ orifices  (d,  a,  h) 

(a)  is  furnished  with  radiatino-  pt’  I’osette  of  the  larger  one 

incline  towards  Taoh  oth^and^t^^X' 
runs  along  for  some  distanc7u +bp  ^?  ^ ®l"ol®  canal,  that 

.minates  in  the  SvisceraYcs^^^^^^  ter- 

of  the  cilia  which  line  it,  is  fromXtTout  fowaX™ 
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598.  The  Reproduction  and  Developmental  histoi'y  of  this  Annelid 
present  many  points  of  great  interest.  The  sexes  appear  to  be 
distinct,  ova  being  found  in  some  individuals,  and  spermatozoa 
in  others.  The  development  of  the  ova  commences  in  certain 
‘ germ-cells’  situated  within  the  extremities  of  the  piunulated  seg- 
ments, where  they  project  inwards  from  the  wall  of  the  body;  these, 
when  set  free,  float  in  the  fluid  of  the  perivisceral  cavity,  and 
multiply  themselves  by  self-division;  and  it  is  only  after  their 
number  has  thus  been  considerably  augmented,  that  they  begin  to 
increase  in  size  and  to  assume  the  characteristic  appearance  of  ova. 
In  this  stage  they  usually  fill  the  perivisceral  cavity  not  only  of  the 
body  but  of  its  caudal  extension,  as  shown  at  c ; and  they  escape 
from  it  through  transverse  fissures  which  form  in  the  outer  wall  of 
the  body,  at  the  third  and  fourth  segments.  The  male  reproductive 
organs,  on  the  other  hand,  are  limited  to  tlie  caudal  prolongation, 
Avhere  the  sperm-cells  are  developed  within  the  pinnulated  appen- 
dages, as  the  germ -cells  of  the  female  are  within  the  appendages  of 
tlie  body.  Instead  of  being  set  free,  however,  into  the  perivisceral 
cavity,  they  are  retained  within  a saccular  envelope  forming  a testis 
(a,  a,  o.)  which  fills  up  the  whole  cavity  of  each  appendage ; and 
Avithiu  this  the  spermatozoa  may  be  observed,  when  mature,  in 
active  movement.  They  make  their  escape  externally  by  a passage 
that  seems  to  communicate  with  the  smaller  of  the  tAvo  just-men- 
tioned rosettes  ; but  they  also  appear  to  escape  into  the  perivisceral 
cavity  by  an  aperture  that  forms  itself  when  the  spermatozoa  are 
mature.  Whether  the  ova  are  fertilized  while  yet  Avithin  the  body 
of  the  female,  by  the  entrance  of  spermatozoa  through  the  ciliate'd 
canals,  or  after  they  have  made  their  escape  from  it,  has  not  3^et 
been  ascertained. — Of  the  earliest  stages  of  embryonic  development 
nothing  whatever  is  yet  knoAvn  ; but  it  has  been  ascertained  that 
the  animal  passes  through  a larval  form,  which  differs  from  the 
adult  not  merely  in  the  number  of  the  segmentspf  the  body  (which 
successively  augment  by  additions  at  the  posterior  extremity),  but 
also  in  that  of  the  antennas.  At  G is  represented  the  earliest  larva 
hitherto  met-with,  enlarged  as  mucli  as  ten  times  in  proportion  to 
the  adult  at  b ; and  here  we  see  that  the  head  is  destitute  of  the 
frontal  horns,  but  carries  a pair  of  setigerous  antennae,  n,  a,  behind 
Avhich  there  are  five  pairs  of  bifid  appendages,  5,  c,  cl,  e,  f,  in  the 
first  of  which,  h,  one  of  the  pinnules  is  furnished  with  a seia.  In 
more  advanced  larvae  having  eight  or  ten  segments,  this  is  de- 
A^eloped  into  a second  pair  of  antennae  resembling  the  first ; and  the 
animal  in  this  stage  has  been  described  as  a distinct  species,  7’. 
quadricornis.  At  a more  advanced  age,  however,  the  second  pair 
attains  the  enormous  development  shown  at  b;  and  the  first  or 
larval  antennm  disappear,  the  setigerous  portions  separating  at  a 
sort  of  joint  (g,  ft,  ft),  Avhilst  the  basal  projections  are  absorbed  into 
the  general  Avail  of  the  body. — This  beautiful  creature  has  been 
met-with  on  so  many  parts  of  our  coast,  that  it  cannot  be  con- 
sidered at  all  uncommon ; and  the  Microscopist  can  scarcely  have 


FRESH-WATER  ANNELIDS  : — NAIS. 


705 


a more  pleasing  object  for  study  * Its  elegant  form,  its  crystal 
clearness,  and  its  sprightly,  graceful  movements  render  it  attrac- 
tive even  to  the  unscientific  observer ; whilst  it  is  of  special  interest 
to  the  Physiologist,  as  one  of  the  simplest  examples  yet  known  of 
the  Annelid  type. 

599.  To  one  phenomenon  of  the  greatest  interest,  presented  by 
various  small  Marine  Annelids,  the  attention  of  the  Microscopist 
should  be  specially  directed  ; this  is  their  luminosity,  which  is  not 
a steady  glow  like  that  of  the  Glow-worm  or  Fire-fly,  but  a series 
of  vivid  scintillations  (strongly  resembling  those  produced  by  an 
electric  discharge  through  a tube  spotted  with  tin-foil),  that  pass 
along  a considerable  number  of  segments,  lasting  for  an  instant 
only,  but  capable  of  being  repeatedly  excited  by  any  in-itation 
applied  to  the  body  of  the  animal.  These  scintillations  may  be 
discerned  under  the  Microscope,  even  in  separate  segments,  when 
they  are  subjected  to  the  irritation  of  a needle-point  or  to  a gentle 
pi-essure ; and  it  has  been  ascei-tained  by  the  careful  observations 
of  M.  de  Quatrefages,  that  they  are  given  out  by  the  muscular 
fibres  in  the  act  of  contraction.f 

600.  Among  the  fresh-water  Annelids,  those  most  interesting  to 
the  Microscopist  are  the  worms  of  the  Nais  tribe,  which  are 
common  in  our  rivers  and  ponds,  living  chiefly  amidst  the  mud  at 
the  bottom,  and  especially  among  the  roots  of  aquatic  plants. 
Being  blood-red  in  colour,  they  give  to  the  surface  of  the  mud, 
when  they  protrude  themselves  from  it  in  large  numbers  and  keep 
the  protruded  portion  of  their  bodies  in  constant  undulation,  a very 
peculiar  appearance ; but  if  disturbed,  they  withdraw  themselves 
suddenly  and  completely.  These  Worms,  from  the  extreme  trans- 
parency of  their  bodies,  present  peculiar  facilities  for  Microscopic 
examination,  and  especially  for  the  study  of  the  internal  circula- 
tion of  the  red  liquid  commonly  considered  as  blood.  There  are 
here  no  external  respiratory  organs ; and  the  thinness  of  the 
general  integument  appears  to  supply  all  needful  facility  for  the 
aeration  of  the  fluids.  One  large  vascular  trunk  (dorsal)  may  be 
seen  lying  above  the  intestinal  canal,  and  another  (ventral)  beneath 
it ; and  each  of  these  enters  a contractile  dilatation,  or  heart- like 
organ,  sitnated  just  behind  the  head.  The  fluid  moves  forwards 
in  the  dorsal  triink  as  far  as  the  heart,  which  it  enters  and  dilates  ; 
and  when  this  contracts,  it  propels  the  fluid  partly  to  the  head,  and 
partly  to  the  ventral  heaid,  which  is  distended  by  it.  The  ventral 
heart,  contracting  in  its  turn,  sends  the  blood  backwards  along  the 
ventral  trunk  to  the  tail,  whence  it  passes  towards  the  head  as 
before.  In  this  circulation,  the  stream  branches-off  from  each  of 
the  principal  trunks  into  numerous  vessels  proceeding  to  difterent 

• See  the  Memoirs  of  the  Author  and  M.  Claparode  in  Vol.  xxii. 
“Linuaeau  Ti-ansactions,”  and  the  anthorities  there  referred  to  ; also 


of  the 
a recent 

I’Memoir  by  Dr.  F.  Vejdovsky  in  “Zeitschrift  f.  wiss  Zool.,”  Ed!  xxxi.,  1880. 

f See  his  Memoirs  on  tlie  Annelida  of  La  Mancho,  in  “ Ann.  des  Sci.  Nat.,” 
I^Scr.  2,  Zool..  Tom.  xix.,  and  Ser.  3.  Zool , Tom.  xiv. 
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parts  of  the  body,  which  then  return  into  the  other  trunk ; and 
there  is  a ]3eculiar  set  of  vascular  coils,  hanging  down  in  the  peri- 
visceral cavity  that  contains  the  coi-pusculated  liquid  representing 
the  true  blood,  which  seem  specially  destined  to  convey  to' it  the 
aerating  influence  received  by  the  red  fluid  in  its  circuit,  thus 
acting  (so  to  speak)  like  internal  gills. — The  J/awtcZ-worms  have 
been  observed  to  undergo  spontaneons  division  during  the  summer 
months  ; a new  head  and  its  organs  being  formed  for  the  posterior 
segment  behind  the  line  of  constriction,  before  its  separation  from 
the  anterior.  It  has  been  generally  \>elieved  that  each  segment 
continues  to  live  as  a complete  worm  ; but  it  is  asserted  by  Dr.  T. 
Williams  that  from  the  time  when  the  division  occurs,  neither  half 
takes-in  any  more  food,  and  that  the  two  segments  only  retain 
vitality  enough  to  enable  them  to  be  (as  it  were)  the  ‘ nurses’  of 
the  eggs  which  both  include. — In  the  Leech  tribe,  the  dental  ap- 
paratus with  which  the  mouth  is  furnished,  is  one  of  the  most  curious 
among  their  points  of  minute  structure  ; and  the  common  ‘ medi- 
cinal’ Leech  affords  one  of  the  most  interesting  examjDles  of  it. 
What  is  commonly  termed  the  ‘ bite’  of  the  leech,  is  really  a saw- 
cut,  or  rather  a combination  of  three  saw-cuts,  radiating  from  a 
common  centre.  If  the  mouth  of  the  leech  be  examined  with  a 
hand-magnifier,  or  even  with  the  naked  eye,  it  will  be  seen  to  be  a 
triangular  aperture  in  the  midst  of  a sucking  disk  ; and  on  turning 
back  the  lij^s  of  that  aperture,  three  little  white  ridges  are  brought 
into  view.  Each  of  these  is  the  convex  edge  of  a horny  semi-circle, 
which  is  bordered  by  a row  of  eighty  or  ninety  minute  hard  and 
sharp  teeth;  whilst  the  straight  border  of  the  semicircle  is  imbedded 
in  the  muscular  substance  of  the  disk,  by  the  action  of  which  it  is 
made  to  move  backwards  and  forwards  in  a saw-like  manner,  so 
that  the  teeth  are  enabled  to  cut  into  the  skin  to  which  the  suctorial 
disk  has  afiixed  itself.* 

* Among  the  more  recent  sources  of  infonnation  as  to  the  Anatomy  and 
Physiology  of  the  Annelids,  the  following  may  be  specially  mentioned: — The 

Histoire  Naturelle  des  Annelds  Marins  et  d’Eau  douce”  of  M.  de  Quatrefages, 
fonning  part  of  the  “Suites  kBuffon;”  the  successive  admirable  Monographs  of 
the  late  Prof.  Ed.  Claparede,  “Eecherches  Anatomiques  sur  les  Anudlides,  Tur- 
bellarids.  Opalines,  et  Grdgarines,  obsefvds  dans  les  Hdbrides”  (Geneva,  1861); 
‘•'Eecherches  Anatomiques  sur  les  Oligochetes”  (Geneva,  1862);  “Eeobach- 
tnngen  liber  Anatomie  nnd  Entwickelimgsgcschichte  Wirbellosen  Thiere 
an  der  K-llste  von  Normandie”  (Leipzig,  1863);  and  “Les  Anndlides  Chdto- 
podes  du  Golfe  de  Naples’’  (Geneva,  1868-70);  tlie  Monograph  of  Pr. 
Ehlers,  “Die  Borstemviirmer  (Annelida  Chsetopoda),”  1864-8;  and  lastly,  Dr. 
Macintosh’s  “ Monograph  of  the  British  Annelids,”  now  in  course  of  publication 
by  the  Puay  Society. 


CHAPTER  XVIII. 


CRUSTACEA. 

cUrision  of  the  Articulated  series 
to  that  ofAi  thro^ods  in  which  the  body  is  furnished  with  distinct  1 v 

come  first  to  the  Class  of  Orus 
fijcea  which  includes  (whp  used  in  its  most  comiirehensive  sensei 
aU  those  annals  belonging  to  this  groujD,  which  are  fitted  for 
aquatic  respiration.  It  thus  comprehends  a very  extensive  range 

T ®^^^°ugh  we  are  accustomed  to  think  of  the  Crab 

Lobster,  Cray-fish,  and  other  well-known  snecies  nf  +Tia  ! 

typical  examples, Vet  all  these  belong 
to  the  highest  of  its  many  orders  ; and  among  the  lower  are  many 
of  a far  simpler  structure,  and  not  a few  Vhich  would  nrbe 
recognized  as  belonging  to  the  class  at  aU,  were  it  not  for  the  in 
rpal^w^^  denved  frojn  the  study  of  their  development  as  to  their 
real  i^ature,  which  is  far  more  apparent  in  their  early  than  it  is  in 
their  ad^t  condition.  Many  of  the  inferior  kinds^of  Orastacea 
are  so  minute  and  transparent,  that  their  whole  structure  mav  be 
made-out  by  the_  aid  of  the  IMicroscope  without  any  preparatmn  • 
tins  IS  case,  indeed,  with  nearly  the  whole  group^  oi  Entomo- 
siraco.  (§  603),  and  with  the  larval  forms  even  of  the  Grab  and  itq 
a hes  (§  614) ; and  we  shall_  give  our  first  attention  to  these  after- 
aids  noticing  such  points  in  the  structure  of  the  larger  kinds  as 
are  hkely  to  be  of  general  interest.  ^ ® 

602.  A curious  example  of  the  reduction  of  an  elevated  tvne  to 
a venz  simple  form  is  presented  by  the  group  of  PycnoqonidJXomp 
of  the  members  of  which  may  be  foSnd  by  attoSi^ 
almost  every  locality  where  sea-weeds  abound;  it  beino-  their  habit 
to  crawl  (or  rather  to  sprawl)  over  the  surfaces  “f  these  and 
probably  to  imbibe  as  food  the  gelatinous  substancrirfth  which 
they  are  mvested.*  The  general  form  of  their  bodies  ('Fio- 
usually  reminds  us  of  that  of  some  of  the  long-lego-ed  Orabr-  the 
abdomen  being  almost  or  altogether  deficient^whifsfVbp  JL’V  • 
very  small,  and  fused  (as  it  were)  iL  theTor^x  o t^^^  ft  i f 
named  region,  with  the  members^  attached  to  ii,'  constRutes  neatly 
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the  whole  hulk  of  the  animal.  The  head  is  extended  in  front  into 
a joroboscis-like  projection,  at  the  extremity  of  which  is  the  narrow 
orifice  of  the  mouth ; which  seems  to  he  furnished  mth  vihratile 
cilia,  that  serve  to  draw  into  it  the  semi-fluid  aliment.  Instead  of 
being  furnished  (as  in  the  higher  Crustaceans)  with  two  j)airs  of 
antennae  and  numerous  pairs  of  ‘feet-jaws,’  it  has  hut  a single  pair 
of  either ; it  also  hears  four  minute  ocelli,  or  nidimentary  eyes,  set 
at  a little  dilference  from  each  other  on  a sort  of  tubercle.  From 
the  thorax  proceed  four  pairs  of  legs,  each  composed  of  several 


Fig.  410. 


Ammoihea  ptjcnogonokles  :—a,  naiTOW  CBSopliagus ; 6,  stomach ; 
c,  intestine ; d,  digestive  cseca  of  the  feet-jaws ; e,  e,  digestive 
caeca  of  the  legs. 

joints,  and  terminated  by  a hooked  claw;  and  by  these  members 
the  animal  drags  itself  slowly  along,  instead  of  walking  actively 
upon  them  like  a crab.  The  mouth  leads  to  a very  nan'ow  oeso- 
phagus (a),  which  passes  back  to  the  central  stomach  (6)  situated 
in  the  midst  of  the  thorax,  from  the  hinder  end  of  which  a naiTOW 
intestine  (c)  passes-off,  to  terminate  at  the  posterior  extremity  ot 
the  body.  From  the  central  stomach  five  pairs  of  crncal  prolonga- 
tions radiate ; one  pair  (cl)  entering  the  feet-jaws,  the  other  four 
(e,  e)  penetrating  the  legs,  and  passing  along  them  as  far  as  the  last 
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jomt  blit  one ; and  those  extensions  are  covered  with  a layer  of 
brownish-yellow  grannies,  which  are  probably  to  be  recr^rded  as  -i 
diflused  and  rndimentary  condition  of  the  liver.  The  stomool  n J 
Its  c®cal  prolongations  are  continually  executing  peristXc 
ments  of  a very  cnrions  kind  ; for  they  contract 
11  re^ar  alternation,  so  that  a flnx  and  reflux  of  their  contents  is 
constantly  taking  place  between  the  central  portion  and  its 

XothX  these^  extensions  and 

another.  The  perivisceral  space  between  the  widely-extended 
stomach  and  the  walls  of  the  body  and  limbs  is  occnpiX  by  a 
transparent  liqiud,  in  which  are  seen  floating  a number  S mimite 
transparent  coiqmscles  of  irregular  size ; and  this  fluid,  which 
lepresents  the  blood  is  liept  in  continual  motion,  not  only  by  the 
general  movements  of  the  animal,  but  also  by  the  Actions  of  the  df- 
gestive  appsaatus ; since,  whenever  the  cmcum  of  any  one  of  the  leo-s 
undergoes  (Natation,  a part  of  the  circumambient  liquid  will  be 
pressed-out  from  the  cavity  of  that  limb,  either  into  the  thorax  or 
into  pome  other  limb  whose  stomach  is  contracting.  The  fluid  must 
obtain  its  aeration  through  the  general  surface  of  the  body  as 
there  are  no  special  organs  of  respiration.  The  nervous  system. 
consists  of  a single  ganglion  in  the  head  (formed  by  the  coale  Jcence 
of  a p^ur),  and  of  another  in  the  thorax  (formed^  by  thrcoXs- 

Tthe  usua?  g-nglio/is  connected 

by  nervous  cords  which  diverge 
embrace  the  oesophagus.— In  the  study  of  the 
wP^fiXX  Phenomena  exhibited  by  the  digestive  apparatus,  as 
weU  as  of  the  vanous  points  of  internal  conformation  which  have 
^en  descnbed  the  Achromatic  Condenser  wiU  be  found  useful,  even 
with  the  1 inch  2-3rds  inch,  or  i inch  Objectives  ; for  the  imperfect 
ransparence  of  the  bodies  of  these  animals  renders  it  of  importance 
q^^antity  of  light  through  them,  and  to  give  to  this 
^ diiahty  as  shall  sharply  detine  the  internal  organs.* 

Crastaceans,  nearly  all  the 
minute  size  as  to  be  only 
twXrpX^^  the  naked  eye,  13  distinguished  by  the  enclosure  of 
the  entire  body  within  a horny  or  shelly  casing ; which  sometimes 
resembles  a bivalve  sheU  in  form  and  in  the  mode  of  junc- 
JXn  parts,  whilst  in  other  instances  it  is  formed  of  only  a 
smgle  piece,  hke  the  hard  envelope  of  certain  Eotifera  (S  463  lii.). 
^e  segments  into  which  the  body  is  divided,  are  frequently  very 

• and  are  for  the  most  part  similar  to  each  other ; but 

• fbplVo^  ^ °^^rked  difference  in  regard  to  the  appendages  wliich 

• f which  these  minister  to  the  locomo- 

o the  animals.  For  in  the  Lophyro]poda,  or  ‘bristly-footed’ 

f ®eiahlance  home  by  Pycnogonida  to  Spiders,  makes  the 
thprp  iL  a ^ a matter  of  special  interest  and  importance; 

hnhitnf  +V.  reason  to  regard  tliem  rather  as  Arachnida  adapted  to  a marine 
' nn  44«  Cmstacea.— See  Balfour’s  “Comparative  Embryology,” 

, pp.  4-18,  44 J,  and  the  authorities  there  rofen’ed  to. 
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tribe,  the  number  of  legs  is  small,  not  exceeding  live  pairs,  and 
their  function  is  limited  to  locomotion,  the  respiratory  organs  being 
attached  to  the  parts  in  the  neighbourhood  of  the  mouth ; whilst 
in  the  Brcmchiopocla,  or  ‘ gill-footed’  tribe,  the  same  members 
(known  as  ‘fin-feet’)  serve  both  for  locomotion  and  for  respiration, 
and  the  number  of  these  is  commonly  large,  being  in  A'jpus  not  less 
than  sixty  pairs.  The  character  of  their  movements  differs  ac- 
cordingly ; for  whilst  all  the  members  of  the  first-named  tribe  dart 
through  the  water  in  a succession  of  jerks,  so  as  to  have  acquired  the 
common  name  of  ‘water-fleas,’ those  among  the  latter  which  possess 
a great  number  of  ‘ fin-feet,’  swim  with  an  easy  gliding  movement, 
sometimes  on  their  back  alone  (as  in  the  case  -with  Branchipus), 
and  sometimes  with  equal  facility  on  the  back,  belly,  or  sides  (as  is 
done  hj  Artemia  salina,  the  ‘brine  shrimp’). — Some  of  the  most 
common  forms  of  both  tribes  will  now  be  briefly  noticed. 

604.  The  tribe  of  Lopliyropoda  is  divided  into  two  Orders ; of 
which  the  first,  Ostracocla,  is  distinguished  by  the  complete  enclo- 
sure of  the  body  in  a bivalve  shell,  by  the  small  number  of  legs, 
and  by  the  absence  of  an  external  ovary.  One  of  the  best  known 
examples  is  the  little  Gypris,  which  is  a common  inhabitant  of 
pools  and  streams : this  may  be  recognized  by  its  possession  of  two 
j)airs  of  antennae,  the  first  having  numerous  joints  with  a pencU- 
like  tuft  of  filaments,  and  projecting  foi-wards  from  the  front  of 
the  head,  whilst  the  second  has  more  the  shape  of  legs,  and  is 
directed  downwards  ; and  by  the  limitation  of  its  legs  to  two  pairs, 
of  which  the  posterior  does  not  make  its  appearance  outside  the 
shell,  being  bent  upwards  to  give  support  to  the  ovaries.  The  valves 
are  generally  opened  widely  enough  to  allow  the  greater  part  of 
both  pairs  of  antennae  and  of  the  front  pair  of  legs  to  pass-out 
between  them  ; but  when  the  animals  are  alarmed,  they  di’aw  these 
members  within  the  shell,  and  close  the  valves  firmly.  They  are 
very  lively  creatures,  being  almost  constantly  seen  in  motion,  either 
swimming  by  the  united  action  of  their  foot-like  antennae  and  legs, 
or  walking  upon  plants  and  other  sohd  bodies  floating  in  the 
water. — Nearly  allied  to  the  preceding  is  the  Cythere,  whose  body 
is  furnished  with  three  pairs  of  legs,  all  projecting  out  of  the 
shell,  and  whose  superior  antennae  are  destitute  of  the  filamentous 
brush ; this  genus  is  almost  entirely  marine,  and  some  species  of 
it  may  almost  invariably  be  met-with  in  little  pools  among  the 
rocks  between  the  tide-marks,  creeping  about  (but  not  swimming) 
amongst  Confervae  and  Corallines. — There  is  abundant  evidence  of 
the  former  existence  of  Cnistacea  of  this  group,  of  larger  size  than 
any  now  existing,  to  an  enormous  extent ; for  in  certain  fresh-water 
strata,  both  of  the  Secondary  and  Tertiary  series,  we  find  layers, 
sometimes  of  great  extent  and  thickness,  which  are  almost  entirely 
composed  of  the  fossilized  shells  of  Cyprides ; whilst  in  certain 
parts  of  the  Chalk,  which  was  a marine  deposit,  the  remains  of 
bivalve  shells  resembling  those  of  Cytliere  present  themselves  in  such 
abundance  as  to  form  a considerable  part  of  its  substance. 
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605.  In  tlie  order  Gopepoda,  there  is  a jointed  shell  forming  a 
kind  of  buckler  or  carapace  that  almost  entirely  encloses  the  head 
and  thorax,  an  opening  being  left  beneath,  through  which  the 
members  project ; and  there  are  five  pairs  of  legs,  mostly  adapted 
for  swimming,  the  fifth  pair,  however,  being  rudimentary  in  the 
genus  Cyclops,  the  commonest  example  of  the  group.  This  genus 
receives  its  name  from  possessing  only  a single  eye,  or  rather 
single  cluster  of  ocelli ; 

which  character,  how-  Fig.  411. 

<3ver,  it  has  in  com- 
mon with  the  two  ge- 
nera already  named,  as 
well  as  with  Daphnia 
{§  606),  and  with  many 
other  Entomostraca. 

It  contains  numerous 
species,  some  of  which 
belong  to  fresh-water, 
whilst  others  are  ma- 
rine. The  Fresh- water 
species  often  abound 
in  the  muddiest  and 
most  stagnant  pools, 
as  well  as  in  the 
clearest  springs  ; the 
ordinaiy  water  with 
which  London  is  sup- 
plied frequently  | con- 
tains large  numbers  of 
them.  Of  the  marine 
species,  some  are  to  be 
found  in  the  localities 
in  which  the  Cy  there  is 
most  abundant,  whilst 
others  inhabit  the  open 
ocean,  and  must  be  col- 
lected by  the  Tow-net. 

The  body  of  the  Cyclops 
is  soft  and  gelatinous, 
and  it  is  composed  of 

two  distinct  parts, a thorax  (Fig.  411,  a)  and  an  abdomen  (5),  of  which 
the  latter,  being  comparatively  slender,  is  commonly  considered  as  a 
tail,  though  traversed  by  the  intestine  which  terminates  near  its 
extremity.  The  head,  which  coalesces  with  the  thorax,  bears  one  very 
1 large  pair  of  antennm  (c),  possessing  numerous  articulations  and 
furnished  with  bristly  appendages,  and  another  small  pair  (d) ; it 
is  also  furnished  with  a pair  of  mandibles  or  true  jaws,  and  with 
two  pairs  of  ‘ feet- jaws,’  of  which  the  hinder  pair  is  the  longer  and 
more  abundantly  supplied  with  bristles.  The  legs  (e)  are  all  beset 


A,  Female  of  Cyclops  qtuidricornis : — n,  body; 
h,  tail ; c,  autenua ; d,  antennule  ; e,  feet ; /,  plu- 
mose setae  of  tail : — b,  tail,  with  external  egg- 
sacs  : — c,  D,  E,  F,  G,  successive  stages  of  deve- 
lopment of  young. 
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witli  plumose  tufts  as  is  also  the  tail  (/,/)  which  is  borne  at  the 
extremity  ot  the  abdomen.  On  either  side  of  the  abdomen  of  the 
temale,  there  is  often  to  be  seen  an  egg-capsule  or  external  ovarium 
Ud  ; within  which  the  ova,  after  being  fertilized,  undergo  the  earher 
stages  of  their  development.— The  Cyclops  is  a very  active  creature, 
ana  stnhes  the  water  in  swimming,  not  merely  with  its  legs  and 
tail,  but  also  with  its  antennae.  The  rapidly-repeated  movements 
ot  its  teet-jaws  serve  to  create  a whirlpool  in  the  surrounding 
watei,  by  which  minute  animals  of  various  kinds,  and  even  its  own 
young,  are  brought  to  its  mouth  to  be  devoured. 

606.  The  tiibe  of  JSranchiopoda  also  is  divided  into  two  Orders, 
ot  which  the  CladocGra  present  the  nearest  approach  to  the  pre- 
ceding, having  a bivalve  carapace,  no  more  than  from  four  to  six 
pans  of  legs,  two  pairs  of  antennae,  of  which  one  is  large  and 
branched  and  adapted  for  swimming,  and  a single  eye.  The  com- 
monest form  of  tills  is  the  Daplmia  pulex,  sometimes  called  the 

arborescent  water-flea,’  from  the  branching  form  of  its  antennae. 
It  IS  veiy  abundant  in  many  ponds  and  ditches,  coming  to  the  sur- 
face in  the  mornings  and  evenings  and  in  cloudy  weather,  but  seek- 
iug  tliG  dGptlis  of  tliG  "wa/tGr  during  th.G  iiGut  of  tliG  day.  It  swims 
by  taking  short  aji rings ; and  feeds  on  minute  particles  of  vegetable 
substances,  not,  however,  rejecting  animal  matter  when  offered, 
borne  of  the  peculiar  phenomena  of  its  reproduction  will  be  nre- 
sently  described  (§  609). 

607.  The  other  order,  Fliyllopoda,  includes  those  Branchiopoda 
whose  body  is  divided  into  a great  number  of  segments,  nearly  all 
ot  which  are  furnished  with  leaf -like  members,  or  ‘ fin-feet.’  The 
two  Bamihes  which  this  order  includes,  however,  differ  considerably 
in  their  confoimation  ; for  in  that  of  which  the  genera  Apus  and 
Nehalia  are  rejiresentatives,  the  body  is  enclosed  in  a shell,  either 
shield-like  or  bivalve,  and  the  feet  are  generally  very  numerous ; 
whilst  in  that  which  contains  Brancliip^is  and  AHemia,  the  body  is- 
entirely  unprotected,  and  the  number  of  pairs  of  feet  does  not 
exceed  eleven.  The  Apihs  cancriformis,  wliich  is  an  animal  of  com- 
paratively large  size,  its  entire  length  being  about  2|  inches,  is  an 
inhabitant  of  stagnant  waters  ; but  although  occasionally  very 
abundant  in  particular  jicols  or  ditches,  it  is  not  to  be  met- with 
nearly  ^ so  commonly  as  the  Entomostraca  already  noticed.  It  is 
recognized  by  its  large  oval  carajiace,  which  covers  the  head  and 
body  like  a shield ; by  the  nearly  cylindrical  form  of  its  body, 
which  is  composed  of  thirty  articulations  ; and  by  the  multijilica- 
tion  of  its  legs,  which  amount  to  about  sixty  pairs.  The  number 
of  joints  m these  and  in  the  other  appendages  is  so  great,  that  in  a 
single  individual  they  may  be  safely  estimated  at  not  less  than  two 
millions.  These  organs,  however,  are  for  the  most  part  small ; and 
the  instruments  chiefly  used  by  the  animal  for  locomotion  are  the 
first  pair  of  feet,  w'hich  are  very  much  elongated  (bearing  such  a 
resemblance  to  the  principal  antennm  of  other  Entomostraca.  as 
to  be  commonly  ranked  in  the  same  light),  and  are  distinguished  a-s- 


EEPEODUCTION  OF  ENTOMOSTEACA.  713 

rami  or  oars.  With  these  they  can  swim  freely  in  any  position  • 
but  when  the  rami  are  at  rest  and  the  animal  floats  fdly  on  the 
water,  its  hn-feetmay  be  seen  in  incessant  motion,  causino- Lort  of 
whirlpool  in  the  water,  and  brinmn?  to  the  month  fh^  + 

loiS^r^  smaller  Entoniostraca  inhabiting  the  same 

a o \ ? food.-The  Branchipus  sfay«aZirh“s 

a slendei,  cylmdiifoim,  and  very  transiiarent  body  of  nearlv  nn  in  oh 
in  length,  furnished  with  eleven  pairs  !,f  fin-feet/ but  "s  SsSte  of 
any  protecting  envelope;  its  head  is  Wished  with  a paTr  o^^^^^ 
cimous  prehensile  organs  (which  are  really  modifled  antenuEef 

of  CheiToceplialus  ; but  these  are 
not  iised  by  it  for  the  seizure  o_i  prey,  the  food  of  this  animal  beinff 
vegetable,  and  their  function  is  to  clasp  the  female  in  the  act 
copulation  The  Branchipus  or  CheiJocephalus  irceriSiulfthe 
most  beautiful  and  elegant  of  all  the  Entomostraca,  being  renLred 
^rremely  attractive  to  the  view  by  “the  uninterrupted  undulatory 
wavy  motion  of  its  graceful  branchial  feet,  slightly  tinged  as  thev 
are  with  a light  reddish  hue,  the  brilliant  mixture  of  transparent 

red  taif w^Ei^fh  ° i P^'O^ensile  antennm,  and  its  ^bright 

red  tail  with  the  beautiful  plumose  set®  springing  from  it  •”  un- 

cou^Sv^^T^^^^^  "comparatively  rare  animal  in  this 

country.— ihe  Artemia  salina  or  ‘brine  shrimp’ is  an  animal  of 
^ery  similar  organization,  and  almost  equally  beautiful  in  its 
appearance  and  movements,  but  of  smaller  size,  its  body  beino- 

f Its  ‘ habitat’  is  very  peculiar;  fo? 

t IS  only  found  in  the  salt-pans  or  brine-pits  in  which  sea-water 
"concentration  (as  at  Lymington) ; and  in  these 
spuations  it  is  sometimes  so  abundant  as  to  communicate  a red 
tinge  to  the  liquid. 

608.  Some  of  the  most  interesting  points  in  the  history  of  the 
Bntomostraca  he  in  the  peculiar  mode  in  which  their  generative 
tunction  IS  performed,  and  in  their  tenacity  of  life  when  desiccated, 
m which  last  respect  they  correspond  with  many  Eotifers  (S  452). 

y this  provision  they  escape  being  completely  exterminated,  as 
. oth  erwise  soon  be,  by  the  drying-up  of  the  pools,  ditches, 

and  othei^sinall  collections  of  water  which  constitute  their  usual 
naoitats.  it  does  not  appear,  however,  that  the  adult  Animals 
can  Dear  a complete  desiccation,  although  they  will  preserve  their 
VI  a ity  in  mud  that  holds  the  smallest  quantity  of  moisture;  but 
, more  tenacious  of  life,  and  there  is  ample  evidence 

tnat  these  will  become  fertile  on  being  moistened,  after  having  re- 
mained tor  a long  time  in  the  condition  of  flne  dust.  Most  Ento- 
mostraca, too,  are  killed  by  severe  cold,  and  thus  the  whole  race  of 
■fh  1 ^ every  winter ; but  their  eggs  seem  unafiected  by 

the  lowest  temperature,  and  thus  continue  the  species,  which  would 
exterminated.—Again,  we  frequently  meet  in  this  group 
wi  that  agamic  reproduction,  which  we  have  seen  to  iirevail  so 
extensively  among  the  lower  Eadiata  and  Mollusca.  In  many 
•species  there  is  a double  mode  of  multiplication,  the  sexual  and 
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the  non-sexiial.  The  former  talces-place  at  certain  seasons  only  ; 
the  males  (which  are  often  so  different  in  conformation  from  the' 
females,  that  they  would  not  be  supposed  to  belong  to  the  same 
species,  if  they  were  not  seen  in  actual  congress)  disappearing 
entirely  at  other  times.  The  latter,  on  the  other  hand,  continues 
at  all  periods  of  the  year,  so  long  as  warmth  and  food  are  supplied; 
and  is  repeated  many  times  (as  in  the  Hydra)  so  as  to  give  origin 
to  as  many  successive  ‘broods.’  Further,  a single  act  of  impi^g- 
nation  serves  to  fertilize  not  merely  the  ova  which  are  then  mature 
or  nearly  so,  but  all  those  subsequently  produced  by  the  same 
female,  which  are  deposited  at  considerable  intervals.  In  these  two 
modes,  the  multiplication  of  these  little  creatures  is  carried-on  with 
great  rapidity,  the  young  animal  speedily  coming  to  maturity  and 
beginning  to  propagate ; so  that  according  to  the  computation  of 
Jurine,  founded  upon  data  ascertained  by  actual  observation,  a 
single  fertilized  female  of  the  common  Cyclops  quadricornis  may  be 
the  progenitor  in  one  year  of  4,442,189,120  young. 

609.  The  eggs  of  some  Entomostraca  are  deposited  freely  in  the 
water,  or  are  carefully  attached  in  clusters  to  aquatic  Plants  ; but 
they  are  more  frequently  carried  for  some  time  by  the  j^arent  iu 
special  receptacles  developed  from  the  posterior  part  of  the  body ; 
and  in  many  cases  they  are  retained  there  until  the  young  are  ready 
to  come-fortb,  so  that  these  animals  may  be  said  to  be  ovo-vivi- 
parous.  In  Daplmia,  the  eggs  are  received  into  a large  cavity 
between  the  back  of  the  animal  and  its  shell,  and  there  the  young 
undergo  almost  their  whole  development,  so  as  to  come-forth  in  a 
form  nearly  resembling  that  of  their  parent.  Soon  after  their 
birth,  a moult  or  exuviation  of  the  shell  takes-place ; and  the  egg- 
coverings  are  cast-off  with  it.  In  a vei*y  short  time  afterwards, 
another  brood  of  eggs  is  seen  in  the  cavit}-^,  and  the  same  process 
is  repeated,  the  shell  being  again  exuviated  after  the  young  have 
been  brought  to  maturity.  At  certain  times,  however,  the  Daplmia 
may  be  seen  with  a dark  opaque  substance  within  the  back  of  the 
shell,  which  has  been  called  the  epliippium,  from  its  resemblance  to 
a saddle.  This,  when  carefully  examined,  is  found  to  be  of  dense 
texture,  and  to  be  composed  of  a mass  of  hexagonal  cells  ; and  it 
contains  two  oval  bodies,  each  consisting  of  an  ovum  covered  with 
a horny  casing,  enveloped  in  a capsule  which  opens  like  a bivalve 
shell.  From  the  observations  of  Sir  J.  Lubbock,*  it  appears  that 
the  ephippium  is  really  only  an  altered  portion  of  the  carapace ; its 
outer  valve  being  a part  of  the  outer  layer  of  the  epidermis,  and 
its  inner  valve  the  corresponding  part  of  the  inner  layer.  The 
development  of  the  ephippial  eggs  takes-place  at  the  posterior  part 
of  the  ovaries,  and  is  accompanied  by  the  formation  of  a greenish- 
brown  mass  of  granules ; and  from  this  situation  the  eggs  pass 
into  the  receptacle  formed  by  the  new  carapace,  where  they  become 
included  between  the  two  layers  of  the  ephqjpium.  This  is  cast-off, 

* ‘ An  account  of  the  two  methods  of  Reproduction  in  Daplmia,  and  of  the 
structure  of  the  Ephippium,’  in  “ Philosopliical  Transactions,”  1857,  p.  79. 
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iu  process  of  time,  with,  the  rest  nf  tlio  j?  , • , 

it  soon  becomes  detached;  and  it  continues  tn™^^  however, 

generally  floating  on  tho  surface  of  the  waterLtluSv  are  Imt® 
with  the  returning  warmth  of  snrino-  m, liatched 

obviously  affords  protection  to  thi  eg|s  Jhich  S^t^enT'^'^+T 
seventy  of  winter  cold;  and  an  aDoroneh  tn  endure  the 

remarkable  firmness  of  the  envelopes  of  the  ^ 

Rotifera.(§  451).  There  seems  a st^;ng  pr^abnit^^^ 
ob.servations  of  Sir  J.  Lubbock,  that  the  ^phippial’  eggs  Lr“tru^ 
sexual  products,  since  males  are  to  be  found  at  the  tiS?  wb.. 
ephippia  are  developed ; whilst  it  is  certain  fbaf  +bo 
can  be  produced  non-sexually,  and  that  the  young  whi^hTprfS 
from  them  can  multiply  the  race  in  like  manned-  Tbn  In  ^ 

if'°co^?^  ephippial  eggs  seem  to  have  the  same  po^? 

of  continuing  the  race  by  non-sexual  reproductinn  ac  fbn  ^ 
developed  under  ordinary  circumstances.  ^ jo^ng 

610.  In  most  Entomostraca,  the  vouncp  nf  fba  • 

emersion  from  the  egg  differ  coneidehu/from  ^e  mrent  e^pT 
md  Of  tie  i»dv  as  yet  evolved 

(“ee  Pinil'rfl  :t“'  >»e°™otive  appendages’ 

at  Thk  ’ “''gans,  too,  are  frequently  wanting 

hefr™piS.’^tn?“^“^?T  °t’,“®“*’  iewe™-.  takes  place  witf 
gieat  lapidity , the  animal  at  each  successive  moult  (which  process 

IS  very  commonly  repeated  at  intervals  of  a day  or  twTpSw 
and  becommg  more  and  more  like  its  pai4nt,  which 
t very  early  resembles  in  its  power  of  multiplication,  the  female 
fbp^P^  f before  she  has  attained  her  own  full  size.  Even  when 
the  Entomostraca  have  attained  their  full  growth,  they  continue 
exuviate  their  shell  at  short  intervals  during  the  whole  of 
life,  and  this  repeated  moulting  seems  to  prevent  the  animal 
^^jured  or  its  movements  obstructed  by 
mdi^^LaLZ'iW^  Animalcules  and  Confervm;  weak  and  sickly 

sites,  that  their  motion  and  life  are  soon  arrested,  apparentlv 

b^^Tb7  """"K  strength  to  cast-off  and  renew  tSir  enve^ 
ope...  The  process  of  development  appears  to  depend  in  some 

a?f?ecSd  frnm''> ^ light,  being  retarded  whLthe  animals 

and  fbia  o 1^’  rate  is  still  more  influenced  by  heat; 

whih^elampT?  f regulates  the  time 

hich  elapses  between  the  moultings  of  the  adult,  these  in 

weSher’wST'^  at  intervals  of  two  days  in  warm  summer 
wSb!  ’•  m intervene  between  them  when  the 

Tnlv  nf  fif  carries  with  it  the  sheaths  not 

s?fZ  plumes,  but  of  the  most  delicate  hairs  and 

previously 

sustained  the  loss  of  a limb,  it  is  generally  renewed  at  the  next 
moult,  as  in  higher  Crustacea.* 

account  of  this  group,  see  Dr.  Baird’s 
Natural  History  of  the  British  Entomostraca,”  publisLd  by  the  Bay  Society 
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611.  Closely  connected  with  the  Entomostracous  group  is  the 
tube  of  suctorial  Crustacea;  which  for  the  most  part  live  as 
parasites  upon  the  exterior  of  other  animals  (especially  Fish), 
whose  juices  they  irnbibe  by  means  of  the  peculiar  proboscis-like 
organ  which  takes  in  them  the  place  of  the  jaws  of  other  Crus- 
taceans ; whilst  other  appendages,  representing  the  feet-jaws,  are 
furnished  with  hooks,  by  which  these  parasites  attach  themselves 
to  the  animals  from  whose  juices  they  derive  their  nutriment. 
Many  of  the  suctorial  Crustacea  bear  a strong  resemblance,  even 
in  their  adult  condition,  to  certain  Entomostraca ; but  more  com- 
monly it  is  between  the  earlier  forms  of  the  two  groups  that  the 
resemblance  is  the  closest,  most  of  the  Suctovia  undergoing  such 
ertraordinary  changes  in  their  progress  towards  the  adult  con- 
dition, that,  if  their  complete  forms  were  alone  attended-to,  they 
might  be  excluded  from  the  class  altogether,  as  has  (in  fact)  been 
done  by  many  Zoologists. — Among  those  Suctorial  Crustacea  which 
present  the  neai-est  approach  to  the  ordinary  Entomostracous  type, 
may  be  specially  mentioned  the  Argulus  foliaceus,  which  attaches 
itself  to  the  surface  of  the  bodies  of  fresh-water  Fish,  and  is  com- 
monly known  under  the  name  of  the  ‘ fish  louse.’  This  animal  has 
its  body  covered  with  a large  firm  oval  shield,  which  does  not 
extend,^  however,  over  the  posterior  part  of  the  abdomen.  The 
rnouth  is  armed  with  a pair  of  styliform  mandibles ; and  on  each 
side  of  the  proboscis  there  is  a large  short  cylindrical  appendage, 
terminated  by  a curious  sort  of  sucking-disk,  with  another  pair  of 
longer  jointed  members,  terminated  by  prehensile  hooks.  These 
two  pairs  of  aiDpendages,  which  are  probably  to  be  considered  as 
representing  the  feet-jaws,  are  followed  by  four  pairs  of  legs, 
which,  like  those  of  the  Branchiopods,  are  chiefiy  adapted  for 
swimming  ; and  the  tail,  also,  is  a kind  of  swimmeret.  This  little 
animal  can  leave  the  fish  upon  which  it  feeds,  and  then  swims 
freely  in  the  water,  usually  in  a straight  line,  but  frequently,  and 
suddenly  changing  its  direction,  and  sometimes  turning  over  and 
over  several  times  in  succession.  The  stomach  is  remarkable  for 
the  large  csecal  prolongations  which  it  sends  out  on  either  side, 
immediately  beneath  the  shell ; for  these  subdivide  and  ramify  in 
such  a manner,  that  they  are  distributed  almost  as  minutely  as  the 
caecal  j^rolongEitions  of  the  stomach  of  the  Planaria  (Fig.  406). 
The  proper  alimentary  canal,  however,  is  continued  backwards 
from  the  central  cavity  of  the  stomach,  as  an  intestinal  tube, 
which  terminates  in  an  anal  orifice  at  the  extremity  of  the  ab- 
domen.— A far  more  marked  dei^artur’e  from  the  typical  form  of  the 
class  is  shown  in  the  Lerncea,  which  is  found  attached  to  the  gills 
of  Fishes.  This  creature  has  a long  suctorial  jn-oboscis ; a short 
thorax,  to  which  is  attached  a single  pair  of  legs,  which  meet  at 
their  extremities,  where  they  bear  a sucker  which  helps  to  give 
attachment  to  the  parasite ; a large  abdomen ; and  a pair  of 
pendent  egg-sacs.  In  its  adult  condition  it  buries  its  anterior 
portion  in  the  soft  tissue  of  the  animal  it  infests,  and  appears  to 
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have  little  or  no  power  of  changing  its  place.  But  the  youno- 
when  they  come  forth  fi^m  the  egg,  are  as  active  as  the  young  oi 
Cyclops  (Fig  411,  c,  n)  which  they  much  resemble ; and  only 
attain  the  adult  form  after  a series  of  metamorphoses,  in  which 
they  cast  off  their  locomotive  members  and  eyes.  It  is  curious 
that  the  onginal  form  is  retained  with  comparatively  slight  change 
by  the  males,  which  increase  but  little  in  size,  and  are  so  unlike  the 
females  that  no  one  would  suppose  tlie  two  to  belong  to  the  same 
family,  much  less  to  the  same  species,  but  for  the  Microscopic 
study  of  their  development.* 

612.  From  the  parasitic  Suctorial  Crustacea,  the  transition  is  not 
:mally  so  abrupt  as  it  might  at  first  sight  appear  to  the  group  of 
CirrJnpeda,  consisting  of  the  Barnacles  and  their  allies  : for  these 
like  many  of  the  Suctoria,  are  fixed  to  oue  spot  during  the  adult 
portion  of  their  .lives,  but  come  into  the  world  in  a condition  that 
bears  a strong  resemblance  to  the  early  state  of  many  of  the  true 
Crustocea.  ^ The  departure  from  the  ordinary  Crustacean  type  in 
the  adults,  is,  in  fact,  so  great,  that  it  is  not  surprising  that  Zoolo- 
gists in  general  should  have  ranked  them  in  a distinct  Class ; their 
superficial  resemblance  to  the  Mollusca,  indeed,  having  caused  most 
systematists  to  place  them  in  that  series,  until  due  weight  was 
^ven  to  those  structural  features  which  mark  their  ‘ articulated’ 
character.  We  must  limit  ourselves,  in  our  notice  of  this  group, 
to  that  very  remarkable  part  of  their  history,  the  Microscopic 
study  ot  which  has  contributed  most  essentially  to  the  elucidation 
° iiature.  The  observations  of  Mr.  J.  V.  Thompson, f 
with  the  extensions  and  rectifications  which  they  have  subsequently 
received  from  others  (especially  Mr.  Spence  Bate;];  and  Mr. 
JJarwing)  show  that  there  is  no  essential  difference  between  the 
eaily  forms  of  the  sessile  (Balanidm  or  ‘ acorn -shells’)  and  of  the 
pedunculated  Gm  (Lepadidte  or  ‘barnacles’);  for- both  are 

active  httle  animals  (Fig.  412,  a),  possessing  three  pairs  of  legs 
and  a pair  of  compound  eyes,  and  having  the  body  covered  with  an 
expanded  carapace,  like  that  of  many  Entomostracous  Crusta- 
^ans,  so  as  in  no  essential  particular  to  differ  from  the  larva  of 
Cyclops  (Fig.  411,  c).  After  going  through  a series  of  metamor- 
phoses, one  stage  of  which  is  represented  in  Fig.  412,  b,  c,  these 
larvfE  come  to  present  a form,  p,  which  reminds  us  strongly  of  that 
ox  Baplinia ; the  body  being  enclosed  in  a shell  composed  of  two 
A a lyes,  which  are^  united  along  the  back,  whilst  they  are  free  along 
their  lower  margin,  where  they  separate  for  the  protrusion  of  a 

Suctorial  Cmstacea  is  rather  interesting  to  the  professed 
- aturalist  than  to  the  amateur  Microscopist,  even  an  outline  view  of  it  would 
Oc  unsuitable  to  the  present  work;  and  the  Author  would  refer  such  of  his 
refen-eVT  to  study  it,  to  the  excellent  Treatise  by  Dr.  Bail'd  already 

^ Researches,”  No.  iv.,  1830,  and  Philos.  Transact.,  1835,  p.  355. 

.!!  tho  Development  of  tlie  Cirripedia,’  in  “Ann.  of  Nat.  Hist..”  8er.  2, 
\oI.  viii.  (1851),  p.  321.  ■ ’ 

§ “Monograph  of  the  Sub-Class  Cirripedia^’  published  by  the  Ray  Society. 


METAMORPHOSIS  OF  CIRRHIPEDS. 


large  and.  strong  anterior  pair  of  prehensile  limbs  provided  with 
an  adhesive  sucker  and  hooks,  and  of  six  pairs  of  posterior  le<ys 
adapted  for  swimming.  This  bivalve  shell,  with  the  members  of 
Doth  kinds,  is  subsequently  thrown-off ; the  animal  then  attaches 
itself  by  its  head,  a portion  of  which,  in  the  Barnacle,  becomes 
excessively  elongated  into  the  ‘ peduncle’  of  attachment,  whilst  in 

Fig.  412. 


Development  of  Balamis  halanoides : — A,  earliest  form ; is, 
larva  after  second  moult ; c,  side  view  of  the  same  ; D,  stage 
immediately  preceding  the  loss  of  activity ; a,  stomach  (?)  ; 
h,  nucleus  of  futm’e  attachment  (?). 

Balanus  it  expands  into  a broad  disk  of  adhesion ; the  first 
thoracic  segment  sends  backwards  a prolongation  which  arches 
over  the  rest  of  the  body  so  as  completely  to  enclose  it,  and  of 
which  the  exterior  layer  is  consolidated  into  the  ‘ multivalve’  shell 
whilst  from  the  other  thoracic  segments  are  evolved  the  six  pairs 
of  cirrhi,  from  whose  peculiar  character  the  name  of  the  group  is 
derived.  These  are  long,  slender,  many -jointed,  tendril -like 
appendages,  fringed  with  delicate  filaments  covered  with  cilia, 
whose  action  serves  both  to  bring  food  to  the  mouth,  and  to  main- 
tain aerating  currents  in  the  water.  The  Balani  are  peculiarly 
interesting  objects  in  the  Aquarium,  on  account  of  the  pumping 
action  of  their  beautiful  feathery  appendages,  which_  may  be 
watched  through  a Tank-Microscope ; and  their  cast  skins,  often 
collected  by  the  Tow-net,  are  well  worth  mounting. 
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cro?,fopWtoTe”mor^^^^  f “>  the  Mi- 

lurmslied  by  the  structure  ?f  4e  fieZZ  Ld  bv^be 
metamoifhods,  both  which  may  be  best  studied  iu  of 

kinds.— The  Shell  of  the  Z^emnorZ?  br^Jr  ^ 

cove^l  the  t lay™ 

however,  may  be  altogether  wantino- • thus  in  the 
glass-crabs,’  the  envelope  is  form°ed  W th? 
layer  alone;  and  in  many  of  thrsmall 

genus  Fortuna,  the  whole  substance  of  tte  etranat°'’C  t j It" 
horny  investment  presents  +bp  n-,-anU-i-  ^ oaraj^ace  beneath  the 

large’^thiek-shelM  SSs  that  we  11  Hf"'  i* 

diflerentiated.  Thus  si  the  e„nl„1 1 

=r.r;r  .iSiS?  .5; 

t;shK;r£«r£^^^ 

rest  of  the  shell  • tbo  fm-rra  is  much  denser  than  the 

of  ivory  whilst  the  Inttpv  ^'''’i^g  almost  the  semi-transparence 
• sectio7’o7  thf  claw  t£  V ^ transverse 

■ central  cavit7tow^;if+L  l^^^^^^  to  radiate  from  the 

SThVrutifa*'"h“"rt7 

. TitpA  T.  ^ rises-up  through  the 

/oe  Author  IS  now  quite  sfttisfipfT  of  111  Q rxi__  • . ... 


» TiiA  A II  • iises-up  tnrough 

«t  by  the  iulerpietatioa 

■^.oi-y.,  P.  487,  .id  blSw'^r 


iciencef”  Vol.  vii?  W60  i Is!  ,?1  *"  “«""*■  »'  «*“o“. 

. lescribed  r'^ienorts  of  A ^P?°.  ^■PPearnuces  which  he  fomerly 

cUukr  strUuTo  II  tl  i:™,!.'  for  1847,  p.  128,  .s  iudiclisg  J 
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pigmentary  layer  of  tlie  Crab’s  sliell  in  little  papillary  elevations, 
wbicb  seem  to  be  concretionary  nodules  ; and  it  is  from  the  de- 
ficiency of  the  pigmentary  layer  at  these  parts,  that  the  coloured 
portion  of  the  shell  derives  its  minutely-speckled  apijearance. — 
Many  departures  from  this  type  are  presented  by  the  difierent 
species  of  Decapods ; thus,  in  the  Prawns,  there  are  are  large  stel- 
late pigment-spots  (I’esembling  those  of  Frogs,  Fig.  465,  c),  the 
colours  of  which  are  often  in  remarkable  conformity  with  those  of 
the  bottom  of  the  rock-pools  frequented  by  these  creatures  ; whilst 
in  the  Shrimps  there  is  seldom  any  distinct  trace  of  the  areolated 
layer,  and  the  calcareous  portion  of  the  skeleton  is  disposed  in  the 
form  of  concentric  rings,  which  seem  to  be  the  result  of  the  con- 
cretionary aggregation  of  the  calcifying  deposit  (§  713). 

614.  It  is  a very  curious  circumstance,  that  a strongly-marked 
difference  exists  between  Crustaceans  that  are  otbervvise  very 
closely  allied,  in  regard  to  the  degree  of  change  to  which  their 
young  are  subject  in  their  progress  towards  the  adult  condition. 
For  whilst  the  common  Grah,  Lobster,  Spiny  Lobster,  Prawn,  and 
Shrimp)  undergo  a regular  metamorphosis,  the  young  of  the  Cray- 
fish and  some  Land-crabs  come-forth  from  the  egg  in  a form  which 
corresponds  in  all  essential  particulars  with  that  of  their  parents. 
Generally  speaking,  a strong  resemblance  exists  among  the  young 
of  all  the  species  of  Decapods  which  undergo  a metamorphosis, 
whether  they  are  afterwards  to  belong  to  the  macrourous  (long- 
tailed) or  to  the  brachyourous  (short-tailed)  division  of  the  group; 
and  the  forms  of  these  larvae  are  so  peculiar,  and  so  entirely 


Fig.  413. 


Metamorpliosis  of  Carchws  wcenas : — A,  first  or  ^oea  stage  ; 
1?,  second  or  Mvgalopa  stage  ; C,  third  stage,  in  which  it  begins 
to  assume  the  adult  fonu  ; n,  perfect  form. 


different  from  any  of  those  into  which  they  are  ultimately  to  be  ^ 
developed,  that  they  were  considered  as  belonging  to  a distinct  ^ 
genus,  Zoea,  until  their  real  nature  was  first  ascertained  by  Mr. 

J.  V.  Thompson.  Thus,  in  the  earliest  state  of  Garcinus  mcenas 
(small  edible  Crab),  we  see  the  head  and  thorax,  which  form  the 
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which  the  fin.feet  are  put-forth  : whilst  tL Abdominal  s'egLeS 
aarrowed  and  prolonged,  carry  at  the  end  a flattened  tJZ  ly 
the  strokes  ol  which  npon  the  water,  the  propnlsion  ot  the  m m7l 
IS  chiefly  effected.  It.,  condition  is  hence  comparable,  in  alm”st 
all  essential  particulars,  to  that  of  Cyclops  (S  605).  In  the  caS  S 
the  Lobstei^  Prawn,  and  other  ‘ macinins’  species,  the  metemo4 
phosis  chiefly  consists  in  the  separation  of  the  locomotive  and 
respiratory  organs;  true  legs  being  developed  from  the  thoracic 

■ segments  lor  the  former,  and  true  gills  (concealed  within  a special 
chamber  foimed  by  an  extension  of  the  carapace  beneath  the  body) 
foi  the  latter  ; while  the  abdominal  segments  increase  in  size,  and 
become  furnished  with  appendages  (false  feet)  of  their  own  In 
the  Crabs,  or  ‘ braohyourous’  species,  on  the  other  hand,  the  altera- 
tion is  much  greater ; for  besides  the  change  flrst  noticed  in  the 
thoracic  members  and  respiratory  organs,  the  thoracic  reo-ion 
becomes  much  more  developed  at  the  expense  of  the  abdominaf  as 
seen  at  b,  in  which  stage  the  larva  is  remarkable  for  the  lar^e  size 
ot  its  eyes,  and  hence  received  the  name  of  Meejaloya  when  it  was 
supposed  to  be  a distinct  type.  In  the  next  stage,  c,  we  find  the 
abdominal  portion  reduced  to  an  almost  rudimentary  condition,  and 
bent  under  the  body;  the  thoracic  limbs  are  more  completely 

■ adapted  for  walking,  save  the  first  pair,  which  are  developed  into 
c/m/ce  or  pincers;  and  the  little  creature  entirely  loses  the  active 

originally  possessed,  and  takes-on  the 
: mode  of  life  peenhar  to  the  adult.* 

collecting  minute  Crustacea,  the  Eing-net  should  be 
used  for  the  fresh-water  species,  and  the  Tow-net  for  the  marine. 
In  localities  favourable  for  the  latter,  the  same  ‘ gathering’  will 
(Often  contain  multitudes  of  various  species  of  Entomostraca,  ac- 
hcompanied  perhaps,  by  the  larvae  of  higher  Crustacea,  Echinoderm 
■la^m.  Annelid-larvae,  and  the  smaller  Medusm.  The  water  con- 
^l^culd  be  pi-it  into  a large  glass  jar,  freely  exposed 
It  to  the  light;  and,  after  a little  practice,  the  eye  wiU  become  so  far 
ltbabitua,ted  to  the  general  appearance  and  modes  of  movement  of 
f these  difi-erent  lorms  of  animal  life,  as  to  be  able  to  distinguish 
kheni  one  from_  the  other.  In  selecting  any  specimen  for  Micro- 
scopic-examination the  Dipping-tube  (§  126)  will  be  found  invaluable. 
Lhe  collector  will  frequently  find  Megalopa-laxYse,  recognizable  by 
he  brightness  of  their  two  black  eye-spots,  on  the  surface  of  floating 
'.eaves  oi  Zostera.  The  study  of  the  Metamorphosis  will  be  best 
'orosecuted,  however,  by  obtaining  the  fertihzed  eggs  which  are 
‘•'■arned-aboirt  by  the  females,  and  watching  the  history  of  their 
iroducts.— For  preserving  specimens,  whether  of  Entomostraca,  or 
) larvie  of  the  higher  Crustacea,  the  Author  would  recommend 
ilycenne-jelly  as  the  best  medium. 

^4*11  Metamorphosis  of  Crustacea  and  Cirripedia,  seo  espociallv  the 
ccent  Untersuchungeu  iibur  Crustaceen”  of  Prof.  Claus ; Vienna,  187C. 
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INSECTS  AND  AHACUNIDA. 


616.  Tdeeb  is  no  Class  in  the  whole  Animal  Kingdom  which 
affords  to  the  Microscopist  such  a wonderful  variety  of  interesting 
objects,  and  such  facilities  for  obtaining  an  almost  endless  succes- 
sion of  novelties,  as  that  of  Insects.  For,  in  the  first  place,  the 
number  of  different  kinds  that  may  be  brought  together  (at  the 
proper  time)  with  extremely  little  trouble,  far  surpasses  that  which 
any  other  group  of  animals  can  supply  to  the  most  painstaking  col- 
lector; then  again,  each  specimen  will  afford,  to  him  who  knows 
how  to  employ  his  materials,  a considerable  number  of  Microscopic 
objects  of  very  different  kinds  ; and  thirdly,  although  some  of  these 
objects  require  much  care  and  dexterity  in  their  preparation,  a large 
proportion  may  be  got-out,  examined,  and  mounted,  with  very 
little  skill  or  trouble.  Take,  for  example,  the  common  House-fly : — 
its  eyes  may  be  easily  mounted,  one  as  a transparent,  the  other 
as  an  opaque  object  (§  626) ; its  antennce,  although  not  such  beau- 
tiful objects  as  those  of  many  other  Diptera,  are  still  well  worth 
examination  (§  628) ; its  tongioe  or  ‘ proboscis’  (§  629)  is  a peculiarly 
interesting  object,  though  requiring  some  care  in  its  preparation  ; 
its  spiracles,  which  may  be  easily  cut-out  from  the  sides  of  its  body, 
have  a very  curious  structure  635) ; its  alimentary  canal  affords 
a very  good  example  of  the  minute  distribution  of  the  trachem 
(§  634) ; its  wing,  examined  in  a living  specimen  newly  come-forth 
from  the  pupa  state,  exhibits  the  circulation  of  the  blood  in  the 
‘ nervures’  (§  633),  and  when  dead  shows  a most  beautiful  play  of 
iridescent  colours,  and  a remarkable  areolatiou  of  surface,  when 
examined  by  light  reflected  from  its  surface  at  a pai-ticular  angle 
(§  638) ; its/ooi  has  a very  peculiar  conformation,  which  is  doubt- 
less connected  with  its  singular  power  of  walking  over  smooth  sur- 
faces in  direct  opposition  to  the  force  of  gravity,  and  on  the  action 
of  which  additional  light  has  lately  been  thrown  (§  640) ; while 
the  structure  and  physiology  of  its  sexual  apparatus,  with  the 
history  of  its  development  and  metamoriihoses,  would  of  itself 
suffice  to  occupy  the  whole  time  of  an  observer  who  should  desire 
thoroughly  to  work  it  out,  not  only  for  months  but  for  years.* 


I , 

i 


* See  Mr.  Lowne’s  valuable  Treatise  on  “ The  Anatomy  and  Thysiology  of 
the  Blow-fly,”  1870. 
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Henc6,  in  treating  of  this  department  in  such  n wnvP  .10 

labours  under  the  embarms  dos  richesses ; foi^to^xter 
^to  such  a description  of  the  parts  o£  the  structure  of  Wets 
most  interesting  to  the  Microscopist,  as  should  be  at  all  comparable 
m fulness  with  the  accounts  which  it  has  been  thought  Sable 
to  give  of  other  Classes,  would  swell-out  the  volume  to  an 

of  th!f^  no  course  seems  open,  but  to  limit  the  treatment 

of  the  subject  to  a notice  of  the  honds  of  objects  which  are  likelv  to 
prove  most  generally  interesting,  with  a few  illustrations  that 
may  serve  to  make  the  descriptions  more  clear,  and  with  an  enu 
meration  of  soine  of  the  sources  whence  a variety  of  specimens  of 
each  class  may  be  most  readily  obtained.  And  this  limitation  is 
the  less  to  be  regretted,  since  there  already  exist  in  our  lano-ua!?e 
numerous  elementary  treatises  on  Entomology,  wherein  the  o-eneral 
stmeW  o Insects  is  fully  explained,  anf  the  confoimatLn  of 
mStrS"***  ^ Microscope  is  adequately 

617.  A considerable  number  of  the  smaller  Insects— esneciallv 

(Beetles),  NeilropteZ 

(^_ragon-fly,  J\J ay-fly,  &c.),  Hymenoptera  (Bee,  Wasp  &c  1 and 
(two-winged  Flies)-may  be  mounted  eiS ’ afopaque 
objects  for  low  mapifymg  powers  ; care  being  taken  to  sprea^d  Lt 
their  legs,  wings,  &c.,  so  as  adequately  to  display  them,  which  may 
be  accomplished  even  after  they  have  dried  in  other  positions  by 
softening  them  by  steeping  them  in  hot  water,  or,  where  this  is 
objectionable,  by  exposing  them  to  steam.  Full  directions  on  this 
.poi^,  applicable  to  small  and  large  Insects  alike,  will  be  found  in 
Entomology.  _ There  are  some,  however,  whose 
.translucence allows  them  to  be  viewed  as  transparent  objects-  and 
Tthese  are  either  to,  be  mounted  in  Canada  bdsam  of  rDeane’s 
- medium  Glycerme-jelly.  or  Farrant’s  gum,  according  to  the  decree 
un  which  the  horny  opacity  of  their  integument  requires  the  S- 

to  facilitate  the  transmission  of  light  through 
i d,  or  the  softness  and  delicacy  of  their  textures  render  an  aqueoL 
edium  more  desirable.  Thus,  an  ordinary  Flea  or  Buq  will  best 
oe  mounted  m balsam ; but  the  various  parasites  of  the  Louse 

■ 7 almost  every  kind  of  animal  is 

t.xfiected,  should  be  set-up  in  some  of  the  ‘ media  ’ Some  of  the 

“Sw  Ileuroptera,  which  are  so  taJl! 

mternal  organization  can  be  made-out 
jnthout  ^ssection  are  very  beautiful  and  interesting  objects  when  ' 
4-  i^mined  in  the  Imug  state,  especially  because  they  allow  the 

and  the  action  of  the  dorsal  vessel  to  be 
• Uscemed  (§  632).  Among  these,  there  is  none  preferable  to  the 
.^arva  of  the  Ephemera  marymata  (Day-fly),  which  is  distinguished 
,.y  the  possession  of  a number  of  beautiful  appendages  on  its  body 
J I -na  tail,  and  is,  moreover,  an  extremely  common  inhabitant  of  our 
0 )onds  and  stream.s.  This  insect  passes  two  or  even  three  years  in  its 
.'larval  state,  and  during  this  time  it  repeatedly  throws-off  its  skin ; 

•J  A 2 
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tlic  cast  skin,  when  perfect,  is  an  object  of  extreme  beauty,  since, 
as  it  formed  a complete  sheath  to  the  various  appendages  of  the 
body  and  tail,  it  continues  to  exhiljit  their  outlines  wth  the  utmost 
delicacy;  and  by  keeping  these  larva)  in  an  Aquarium,  and  by 
mounting  the  entire  series  of  their  cast  skins,  a record  is  preserved 
of  the  successive  changes  they  undergo.  Much  care  is  necessary, 
however,  to  extend  them  upon  slides,  in  consequence  of  their 
extreme  fragility ; and  the  best  ^dan  is  to  place  the  slip  of  glass 
under  the  skin  whilst  it  is  floating  on  water,  and  to  lift  the  object 
out  upon  the  slide. — Thin  sections  of  Insects,  Caterpillars, _ &c., 
wliich  bring  the  internal  parts  into  view  in  their  normal  relations, 
may  be  cut  with  the  Microtome  (§  184),  by  first  soaking  the  body 
(as  suggested  by  Dr.  Halifax)  in  tlfick  gum-mucilage,  which 
passes  into  its  substance,  and  gives  support  to  its  tissues,  and 
then  enclosing  it  in  a casing  of  melted  paraffin,  made  to  fit  the  cavity 
of  the  Section-instrument. 

618.  Struchire  of  the  Integumeoit— In  treating  of  those  separate 
2)arts  of  the  organization  of  Insects  which  furnish  the  most  inte- 
resting objects  of  Microscoj)ic  study,  we  may  most  appropriately 
commence  with  their  Integument  and  its  appendages  (scales, 
hairs,  Ac.).  The  body  and  members  are  closely  invested  by  a 
hardened  skin,  which  acts  as  their  skeleton,  and  affords  points  of 
attachment  to  the  muscles  by  which  their  several  parts  are  moved; 
being  soft  and  flexible,  however,  at  the  joints.  This  skin  is  usually  I 
more  or  less  horny  in  its  texture,  and  is  consolidated  by  the 
animal  substance  termed  Ghitine,  as  well  as,  in  some  cases,  by  a 
small  quantity  of  mineral  matter.  It  is  in  the  Goleoptera  that  it 
attains  its  greatest  development ; the  ‘ dermo-skeleton’  of  many 
Beetles  being  so  firm  as  not  only  to  confer  upon  them  an  extra- 
ordinary power  of  passive  resistance,  but  also  to  enable  them  to 
2)ut  forth  enormous  force  by  the  action  of  the  powerful  muscles 
which  are  attached  to  it.  It  may  be  stated  as  a general  rule,  that  | 
the  outer  layer  of  this  dermo-skeleton  is  always  cellular,  taking  the 
jdace  of  an  epidermis  ; and  that  the  cells  are  straight- sided  and 
closely-fitted  together,  so  as  to  be  polygonal  (usually  hexagonal)  in 
form.  Of  this  we  have  a very  good  example  in  the  superfitm 
layers  (Fig.  427,  b)  of  the  thin  horny  lamellm  or  blades  which 
constitute  the  terminal  portion  of  the  antenna  of  the  Cochcliafci 
(Fig.  426);  this  layer  being  easily  distinguished  from  the  inter- 
mediate portion  (a)  of  the  lamina  by  careful  focussing.  _ In  many 
Beetles,  the  hexagonal  areolation  of  the  surface  is  distin- 
CTuishable  when  the  light  is  reflected  from  it  at  a particular  angle, 
even  when  not  discernible  in  transparent  sections.  The  integumen 
of  the  common  Bed  Ant  exhibits  the  hexagonal  cellular  arrange- 
ment very  distinctly  throughout;  and  the  broad  flat  expansion  o 
the  leg  of  the  Grahro  (‘sand-wasp’)  affords  another  beautiful  exainp  i 
of  a distinctly-cellular  structure  in  the  outer  layer  of  the  integu- 
ment. The  inner  layer,  however,  which  constitutes  the  principal 
part  of  the  thickness  of  the  horny  casing  of  the  Beetle-tribe,  seldom 
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exhibits  any  distinct  organization ; though  it  may  be  nsuallv 
rated  iiito_  several  laiiiellte,  -which  are  sometimes  traversed  by  tubes 

ouler’^Soi?  JeaoUngTt  ' 

h The  surface  of  Insects  is  often 

beset,  and  is  sometimes  completely  covered,  with  appendaqes 
having  either  the  form  of  broad  flat  Scales,  or  that  if  hLs 
more  or  less  aproaching  the  cylindrical  shape,  or  some  form 
intermediate  between  the  two.-The  scaly  iniestment  is  S 
complete  among  the  Lepidoptera  (Butterfly  and  Moth  tribe); 

character  of  the  insects  of  this  order  being 

MUe  of  their  large  membranous  wings.  It  is  to  the  neculiar 

by  which  these  wings  are  so  commonly  distinguished;  all  the  scales 

Jo  o^  another  red,  and 

nJ  subjacent  membrane  remains  perfectly  transparent 
and  colourless,  when  the  scales  have  been  brusheioff  from  its 
. rface.  Each  scale  seems  to  be  composed  of  two  or  more  mem- 

iutervening  deposit  of  pigment,  on 
f Lepuloptem,  their  colour  depends.  Certain 

lustJe  Beetle-tribe,  have  a metallic 

+t  ® brilliant  colours  that  vary  with  the  mode  in 

glances  from  them  ; and  this  ‘iridescence.’  which 
• scales  of  the  Curculio  imperialis 

iifbJrnn.i^^lf*  depending 

f prismatic  hues  of  a soap-bubble)  on  the  extreme 

K membranous  lamellae,  or  (like  those  of  ‘ mother-of- 

Lntinn  ^ n ^ f bneation  of  surface  produced  by  their  corru- 
J a-  ^ w furnished  at  one  end  with  a sort  of  handle 

soeW^+t^  which  it  is  fitted  into  a minute 

' 7-pmV  ^ surface  of  the  insect;  and  on  the  wings  of 

.Leptdoptera  these  sockets  are  so  arranged  that  the  scales  lie  in 
'very  regular  rows,  each  row  overlapping  a portion  of  the  next,  so 
.-is  to  give  to  their  surface,  when  sufficiently  magnified,  very  much 
-.he  appearance  of  being  tiled  like  the  roof  of  a house.  Such  an 
. -.irrangement  is  said  to  be  ‘ imbricated.’  The  forms  of  these  scales 

frequently  difier  a good  deal  on  the 
^several  parts  of  the  wings  and  of  the  body  of  the  same  individual ; 

1 m ^ more  expanded  on  the  former,  and  narrower  and 

ft  ^.pr,  ^ P.eculiar  type  of  scale,  which  has 

I 1,  istinguished  by  the  designation  is  met  with  among 

.!  .he  i lericZm,  one  of  the  principal  families  of  the  Diurnal  Lepi- 
■J  ‘mptera.  I he  plumules’  are  not  fiat,  but  cylindrical  or  bellows- 
■ mpe  , and  are  hollow  ; they  are  attached  to  the  wing  by  a bulb, 
at  tde  end  of  a thin  elastic  peduncle  that  differs  in  length  in 
‘ 1 erent  species,  and  proceeds  from  the  broader,  not  from  the 
narrower  endpf  the  scale ; whilst  the  free  extremity  usually  tapers 
I , and  ends  in  a kind  of  brush,  though  sometimes  it  is  broad  and 
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lias  its  edge  fringed  with  minute  filaments.  These  ‘ plumules/ 
which  are  peculiar  to  the  males,  are  found  on  the  upper  surface 
of  the  wings,  partly  between  and  partly  under  the  ordinary  scales. 
They  seem  to  be  represented  among  the  Lyccenidce  by  the  ‘ battle- 
dore’ scales  to  be  presently  described  (§  621).* 

620.  The  peculiar  markings  exhibited  by  many  of  these  Scales, 
very  early  attracted  the  attention  of  Opticians  engaged  in  the 
application  of  Achromatism  to  the  Microscope  (§  15) ; for,  as  the 
clearness  and  strength  with  which  they  could  be  shown,  were  found 
to  depend  on  the  degree  to  which  the  angular  aperture  of  an 
Objective  could  be  opened  without  sacrifice  of  perfect  correction 
for  spherical  and  chromatic  aberration,  such  scales  proved  very 
serviceable  as  ‘tests.’  The  Author  can  well  remember  the  time 
when  those  of  the  Morplio  menelaus  (Fig.  414),  the  ordinary  and 
‘ battledore’  scales  of  the  Polyo'inmatus  argus  (Figs.  415,  416),  and 

the  scales  of  the  Lepisma  saccha^ 
Fig.  4U.  oina  (Fig.  417),  which  are  now  only 

used  for  testing  Objectives  of  low 
or  meclmm  power  (§  159,  i.,  n.), 
were  the  recognized  tests  for  objec- 
tives of  high  power ; while  the  exhi- 
bition of  alternating  light  and  dark 
bands  on  a Podwa-scale  was  re- 
garded as  a first-rate  performance. 
The  resolution  of  these  bands  into 
the  ‘ notes  of  admiration’  (Plate  ii., 
fig.  2)  now  clearly  shown  by  every 
good  ‘ Student’s’  l-4th,  marked  the 
next  step  in  advance ; and  though 
the  introduction  of  the  Diatom- 
tests  greatly  promoted  the  enlarge- 
ment of  angular  aperture,  yet  the 
Author  has  the  authority  of  the 
ablest  constructors  of  high-power 
Objectives  in  this  country  for 
stating,  that  they  still  regard  the 
Podura-scale  as  the  best  test  for 
definition,  and  consequently  for 
that  combination  of  qualities  which 
is  most  required  in  Objectives  to  be  used  for  Biological  investigations 
of  the  greatest  difficulty  (§  158,  vi.).f  As  the  real  structure  of  this 
scale,  of  which  the  ‘ notes  of  admiration,’  or  the  ‘ exclamation -mark- 
ings’ constitute  the  optical  expression,  has  been  a matter  of  much 


* See  Mr.  Watson’s  Memoirs  ‘ On  tlie  Scales  of  Battledoi'e  Butterflies,’  iu 
“ Monthly  Microscopical  Journal,”  Vol.  ii.,  pp.  73,  314. 

t The  Author  is  assured  that  it  is  by  no  means  an  uncommon  expenenco, 
on  first  putting  together  an  Objective  of  wide  aperture,  to  find  it  capihle  of 
resolving  a difiicuit  Diatom,  wliilst,  when  tested  on  a Podura-scale,  it  utterlj 
fails,  on  account  of  its  imperfect  • definition.’ 
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controversy,  tlie  question  requires  special  consideration-  anrl  in  c\i^ 

the  stad^ 

marked  forms  of  Insect -scales,  Fig.  415 

as  to  lohat  scales  are. — That  they 
are  in  reality  flattened  cells, 

■analogous  to  the  Epidermic  cells 
of  higher  animals  (§  671),  can 
scarcely  be  doubted  by  any  Phy- 
siologist. Their  ordinary  flatten- 
ing  is  simply  the  result  of  their 
drying-up ; and  the  exception 
presented  by  the ‘plumules’  and 
‘ ba,ttledore’  scales  (Pig.  416), 
which  have  the  two  surfaces 
separated  by  a considerable 
cavity,  helps  to  prove  the  rule. 

It  is  perfectly  clear  in  some  of 
these,  that  the  membi-anous 


Scales  of  Polyommatus  arym  (Azure- 
blue)  fl,,  battledore-scale  ; b,  iuter- 
lereuce  striae. 


Fig.  41G. 


wall  of  the  cell  is  strengthened  by  longitudinal  ribs,  which  divero-g 
from  the  peduncle;  as  is  particularly  well  seen  in  the  plumules 
of  two  West  African  butterflies,  Pieris  Plumules 

Agathina  and  Pieris . Ghlovis,  in  which  the 
plumules  are  as  much  as  I -300th  of  an  inch 
in  length  (large  enough  to  be  studied  under 
uie  Binocular  Microscope),  and  are  of  cylin- 
drical  save  that  they  are  drawn-in 

as_  if  by  a cord  at  about  one-half  or  one- 
third  ot  their  length,  the  ribs  curving  in- 
wards to  this^  constriction.*  In  ordinary 
scales  we  And  similar  ribs,  sometimes  runnin  o- 
parallel  to  each  other,  or  nearly  so  (Figs! 

414,  415),  and  occasionally  connected  by  dis- 
tinct cross-bars  (Fig.  418),  but  sometimes 
I diverging  from  the  ‘ quill and  where,  as  in 
, (Fig.  417),  the  ribs  are  parallel  on 

i one  surface  and  divergent  on  the  other,  a very 
• curious  set  of  appearances  is  jiresented  by 
1 their  optical  intersection,  which  throws  cou- 
•siderable  light  on  the  meaning  of  the  Podura- 
'■  markings. 

621 . The  easier  test-scales  are  furnished  by 
‘the order Pe2i'idopfera (Butterflies and  Moths); 

;and  among  the  most  beautiful  of  these, 


Eattledore  Scale  of 
Poli/ommafus  argns 
(Azui-e-bluo). 


Iboth  for  colour  and  for  regularity  of  marking,  are  those  of  the 
■ Mmjmo  Menelaus  (Fig.  414).  These  are  of  a rich  blue  tint,  and 
(exhibit  strong  longitudinal  striae,  which  seem  due  to  ribbed  eleva- 
tions ot  one  of  the  superficial  layers.  There  is  also  an  a 


See  Watson,  loc.  cU.,  p.  75. 


appearance 
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of  traiisvcrso  striation,  whicli  cannot  be  seen  at  all  with,  an  inferior 
objective,  but  becomes  very  decided  with  a good  objective  of  medium 
focus;  and  this  is  found,  when  submitted  to  the  test  of  a high 
power  and  good  illumination,  to  depend  upon  the  presence  of 
transverse  thickenings  or  corrugations  (Fig’.  414),  lorobably  on  the 
internal  surface  of  one  of  the  membranes. — The  large  scales  of  the 
Polyommakos  argas  (‘  azure-blue’  butterlly)  resemble  those  of  the 
Menelaus  in  form  and  structure,  but  are  more  delicately  marked 
(Fig.  415).  Their  ribs  are  more  nearly  parallel  than  those  of  the 
Menelaus  scale,  and  do  not  show  the  same  transverse  striation. 
When  one  of  these  scales  lies  partly  over  another,  the  effect  of  the 
optical  intersection  of  the  two  sets  of  ribs  at  an  oblique  angle  is  to 
produce  a set  of  interrupted  striations  (5),  very  much  resembling 
those  of  the  Podttra-scale.  The  same  Butterfly  furnishes  smaller 
scales,  which  are  commonly  termed  the  ‘ battledore’  scales,  from 
their  resemblance  in  form  to  that  object  (Fig.  415,  a).  These 
scales,  which  occur  in  the  males  of  several  genera  of  the  family 
LyccBniclcG,  and  present  a considerable  variety  of  shape,* * * §  are 
marked  by  narrow  longitudinal  ribbings,  which  at  intervals  seem 
to  expand  into  rounded  or  oval  elevations  that  give  to  the  scales  a 
dotted  aj^pearance  (Fig.  416)  ; at  the  lower  part  of  the  scale,  how- 
ever, these  dots  are  wanting.  Dr.  Anthony  describes  and  figures 
them  as  elevated  bodies,  somewhat  resembling  dumb-bells  or  shirt- 
studs,  ranged  along  the  ribs,  and  standing  out  from  the  general 
surface.t  Other  good  observers,  however,  whilst  recognizing  the 
stud-like  bodies  described  by  Dr.  Anthony,  regard  them  as  not 
projecting  from  the  exteimal  surface  of  the  scale,  but  as  interposed 
between  its  two  lamellEe  and  this  view  seems  to  the  Author  to 
be  more  conformable  than  Dr.  Anthony’s  to  general  probabihty. 

622.  The  more  difficult  ‘ test-scales’  ai-e  furnished  by  little  wing- 
less insects  ranked  together  by  Latreille  in  the  order  Thysaimra, 
but  now  separated  by  Sir  John  Lubbock,§  on  account  of  important 
diff'erences  in  internal  structure,  into  the  two  groups  Collemhola 
and  true  Tliysanura.-  Of  the  former  of  these,  the  Lepismidoe  con- 
stitute the  typical  family ; and  the  scale  of  the  common  Lepisma 
saccliarina,  or  ‘ sugar-louse,’ ||  veiy  early  attracted  the  attention  of 
Microscopists  on  account  of  its  beautiful  shell-like  sculpture. 
When  viewed  under  a low  magnifying  power,  it  presents  a bean- 

* See  Watson,  loc.  cit. 

f ‘ The  Mar'Kings  on  tlio  Battledore  Scales  of  some  of  the  Lepkloptera,  in 
“■  Monthly  Microsc.  Journal,”  Vol.  vii.  (1872),  pp.  1,  250. 

t See  “Proceedings  of  the  Microscopical  Society,”  op.  cit.,  p.  278. 

§ See  his  “Monograph  of  the  Collembola  and  published  by  tli" 

Itay  Society,  1872. 

U This  insect  may  ho  found  in  most  old  houses,  frequenting  d.amp  warm 
I'lipboards,  and  especially  such  ns  contain  sweets ; it  may  bo  readily  caught  m 
a small  idll-box,  which  should  have  a few  pin-holes  in  the  lid  ; and  if  a drop 
of  chloroform  be  put  over  the  holes,  the  inmate  will  soon  become  insensible, 
and  may  bo  then  turned  out  upon  a piece  of  clean  jiaper,  and  some  of  its  scale.« 
transferred  to  a slip  of  glass  by  simply  pressing  this  gently  on  its  body. 
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tifal  ‘wateretl  silk’  appearance,  which,  with  higher  amulification 
IS  found  to  depend  (as  -Mr.  E.  Beck  first  pointed  out)  * uiLn  the  in- 
tersection of  two  sets  of  strise,  representing  the  different^struc^ 
•airangenients  of  its  two  superficial  membranes.  One  of  its  snrfaces 

<since  ascertained  by  Mr./osephBeckt  to  bethe  imLr  or 

^ raised,  either  by  corrugation  or  thickenino- 

into  a seiies  of  strong ly-uiarked  longitudinal  ribs,  which  run  nearfy 
paralld  from  one  end  of  the  scale  to  the  other,  and  are  particularly 
distinct  at  Its  margins  and  at  its  free  extremity ; whilst  the  other 
surface  (the  free  or  oiifer,  according  to  Mr.  J.  Beck)  presents  a set 
of  less  definite  corrugations,  racU-  ^ 


Fig.  417. 


itincj  from  the  pedicle,  where  they 
are  strongest,  towards  the  sides 
and  free  extremity  of  the  scale, 
and  therefore  crossing  the  parallel 
ribs  at  angles  more  or  less  acute 
(Fig.  417).  It  was  further  pointed 
out  by  Mr.  E.  Beck,  that  the  in- 
tersection of  these  two  sets  of 
corrugations  at  different  angles 
produces  most  curious  effects  upon 
the  appearances  which  optically 
represent  them.  For.  where  the 
diverging  ribs  cross  the  longi- 
^ibs  yery  obliquely,  as 
they  do  near  the  free  extremity  of 
the  scale,  the  longitudinal  ribs 
seem  broken  up  into  a series  of 
exclamation-markings,’  like  those 
of  the  Podura;  but  where  the 
crossing  is  transyerse  or  nearly 
so,  as  at  the  sides  of  the  scale,  an 
ajipearance  is  presented  as  of 
successions  of  large  bright  beads. 

The  conclusion  drawn  by  the 

Messrs.Beckjthat  these  interrupted 

appearances  are  “produced  by  two 
1^^  uninterrupted  lines  on 

has  behii  confirmed  by  the  careful  inyestiga- 

bv  llr  + minute  beaded  structure  observed 

I^oyston-1  igott§  alike  in  the  ribs  and  in  the  interyening 
spaces,  may  now  be  pretty  certainly  regarded  as  an  optical  effect 

i r ^ 3'hied  to 

luepisma,  the  Macluhs  polypocla,  the  yery  distinct  ribbing  (Fio-,  418) 

Hs  produced  by  the  corrugation  of  the  under  membranous  famina 

* “ The  Achromatic  Micro.scope,”  p.  50. 

■ U Hf  ^ ^^ppendix  to  Sir  Jolm  Lubbock’s  “ Monograph  ” 

. Montljly  Microsc.  -/ournal,’’  Vo],  xi.  (1874),  p.  13,  and  Vol.  xviii.  (1877),  p,  31. 

§ Monthly  Microsc.  Journal,”  Vol.  ix.  (1873),  p.  63. 


Scale  of  Lejusma  mcchariiiu. 
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Fig.  418. 


alone ; the  upper  or  exposed  lamina  being  smooth,  with  the  excep- 
tion of  slight  undulations  near  the  pedicle ; and  the  cross-markings 

being  due  to  structure  between  the  super- 
posed membranes,  probably  a deposit 
on  the  interior  surface  of  one  or  both 
of  them.* 

623.  Although  the  Poduridee  and 
Lejpismidce  now  rank  as  distinct  Fami- 
lies, yet  they  approximate  sufficiently 
in  general  organization,  as  well  as  in 
habits,  to  justify  the  expectation  that 
their  scales  would  be  framed  upon  the 
same  plan.  The  Poduridee  are  found 
amidst  the  sawdust  of  wine-cellars,  in 
garden  tool-houses,  or  near  decaying 
wood ; and  derive  their  popular  name  of 
‘ spring-tails’  from  the  possession  by 
many  of  them  of  a curious  caudal 
appendage,  by  which  they  can  leap  like 
deas.  This  is  particularly  well  developed 
in  the  species  now  designated  Leyi- 
docyrtus  curvicolUs, yvhich.  furnishes  what 
are  ordinarily  known  as  ‘Podura’- scales. 
“ When  full-grown  and  unrubbed,”  says 
Sir  John  Lubbock,  “this  s]iecies  is  very 
beautiful,  and  reflects  the  most  gorgeous 
metallic  tints.”  Its  scales  are  of  different 
sizes  and  of  different  degrees  of  strength 
of  marking  (Fig.  419,  A,  n),  and  are 
therefore  by  no  means  of  uniform  value 
as  tests.  The  general  appearance  of 
their  surface,  under  a power  not  sufficient  to  resolve  their  mark- 
ings, is  that  of  watered  silk, — light  and  dark  bands  passing  across 
it  with  wavy  irregularity  ; but  a well-corrected  Objective  of  veiy 
moderate  angular  aperture  now  suffices  to  resolve  every  dark  band 
into  a row  of  distinct  ‘ exclamation  marks’  (Plate  ll.,  fig.  2).  If, 
however,  they  are  illuminated  by  oblique  light  from  above  (the 
scales  being  placed  under  the  objective  without  any  cover,  so  as  to 
avoid  the  loss  of  light  by  reflection  from  its  surface),  the  appear- 
ances presented  are  those  shown  in  fig.  4 when  the  markings  are 
at  right  angles  to  the  direction  of  the  light,  and  in  fig.  5 when  they 
lie  in  the  same  direction  as  the  light  with  their  narrow  ends  point- 
ing to  it.  When  this  last  direction  is  reversed,  the  light  from  the 
points  is  so  slight,  that  the  scales  appear  to  have  lost  their  markings 
altogether.  If  moisture  should  insinuate  itself  between  the  scale 
and  the  covering-glass,  the  markings  disappear  entirely,  as  shown 
in  fig.  3 ; and  this  is  true  also  of  the  scale  of  Lqnsma.  A certain 


Scale  of  jMachilis  ])ohjiioda. 


* See  Mr.  Joseph  Beck,  in  Sir  J.  Lubbock's  ‘Aronovrapb,”  p.  ~ob. 
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between  the  ‘exclamation- 

iWhPr  but  this  is  much  more  apparent 

scaS  of  h ^ell  as  in  the 

cales  of  various  allied  types,  which  were  carefully  studied  by  the 


Test-scales  of  Zepidocyrtus  curvicoUis : 

A,  large  strongly-marked  scale;  u,  small 
scale,  more  faintly  marked. 


Ordinary  scale  of 
LepldocijHus  curvicoUis 


lu  certain  other  types,  indeed,  the  scales  have 
y istiuct  longitudinal  parallel  ribs,  sometimes  with  regularly 
cross-bars ; these  ribs,  being  confined  to  one  surface  only 
(that  which  IS  in  contact  with  the  body),  are  not  subject  to  any 
uc  inteiference  with  their  optical  continuity  as  has  been  shown 
o occur  in  Lmisma ; but  more  or  less  distinct  indications  of  radia- 
ting corrugations  often  present  themselves.  The  appearance  of 
the  interrupted  ‘ exclamation-marks’  Mr.  J.  Beck  (on.  cit.,  p.  254) 
considers  to  be  due  “ to  irregular  corrugations  of  the  outer  surface 
+1?  membrane,  to  slight  undulations  on  the  outer  surface 

0 e upper  membrane,  and  to  structure  between  the  superposed 
membranes.  It  has  been  recently  stated  by  Mr.  Joseph  Beck, 

at  the  scales  of  a Lepidopterous  insect  belonging  to  the  genus 

1 otmo,  which  under  a low  power  present  the  watered-silk  appear- 

Io*.onh’uL^  Soc.,”  N.S.,  Vcl.  X.  (18G2),  p.  83.  See  also  Mr. 

M 1 the  Append) .X  to  Sir  John  Lubbock’s  “Monograph,”  and  ia 

“ Monthly  Microsc.  Journ.,”  Vol.  iv.,  p.  253. 
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ance  seen  in  the  Poduva-scale,  under  a l-5th  show  the  ‘ exclamation’ 
inaidcings,  whilst  under  a 1-lOth  they  exhibit  distinct  ribs  from 
pedicle  to  apex ; thus  showing  in  one  scale  how  the  appearances 
run  from  one  into  the  other.*  On  the  other  hand,  we  are  assured 
by  Dr.  Roystou-Pigott,  not  only  that  what  a lens  most  x^erfectly 
corrected  for  spherical  aberration  ought  to  show,  is  a minute 
beaded  structure,  alike  in  the  ‘ exclamation-markings’  and  in  the 
spaces  between  them ; but  that  the  markings  whose  perfect  defi- 
nition had  been  previously  considered  the  aim  of  all  constructors 
of  high-power  Objectives,  are  altogether  illusory,  these  markings 
re2-)resenting  nothing  else  than  the  manner  in  which  the  rouleau.'-- 
of  beads  lie  with  reference  to  one  another.f  The  Author  has  fully 
satisfied  himself  by  his  own  study,  under  an  oil-immersion  l-*2oth 
of  Messrs.  Powell  and  Lealand,  of  a Poduva-scale  illuminated  by 
the  ‘ immersion  jDaraboloid’  (which  gives  a view  of  it  entirely  difterent 
than  any  that  can  be  obtained  either  by  transmitted  or  reflected 
light),  that  the  ‘exclamation-markings’  are — as  maintained  by  the 
Messrs.  Beck — the  optical  expression  of  a corrugated  or  ribbed 
arrangement  of  the  lower  membrane  of  the  scale,  slightly  modified 
by  the  internal  structure  of  the  ujoper  membrane,  and  probably 
also  (as  confirmed  by  Mr.  Wenham)  by  a structure  interposed  be- 
tween the  two  membranes. J And  this  conclusion  is  borne  out,  in 
o^oposition  to  the  doctrine  of  Dr.  Royston  Pigott,  by  two  unrivalled 
Photographs  taken  of  the  Podura-scale  by  Col.  Dr.  Woodward. 
One  of  these,  taken  with  a magnifying  power  of  3200  diameters, 
central  monochromatic  light,  immersion  1-1 6th,  and  amiflifier. 
shows  the  ‘ exclamation-mai-ks’  better  than  any  jjhotogra^ihic  re- 
jmesentation  previously  obtained ; and  it  is  clear  that  Dr.  Wood- 
ward regards  this  as  the  truest  view.  “ Immediately  afterwards." 
he  sa3fs,  “ with  the  same  o^itical  combination  and  magnifying 
jiower,  without  any  change  in  the  cover- correction,  by  simply  ren- 
dering the  illuminating  joencil  oblique,  and  slightly  withdrawing 
the  objective  from  its  first  focal  j)osition,  I obtained  a negative 
which  displays  the  ‘ bead-like’  or  varicose  app>earance  of  the  ribbing 
more  satisfactorily  than  I had  previously  been  able  to  do.”  § The 
beaded  apjDearance  shown  in  this  photograph,  a cop}'^  of  a 2)ortion 
of  which  is  given  in  Fig.  421,  corresponds  so  entirely  with  that 
which  Dr.  Woodward  afterwards  found  to  be  2:>roducible  in  the 
scale  of  the  Gnat  by  a like  alteration  in  the  illumination  (§  lo6). 
that  the  Author  feels  lully  justified  in  adhering  to  his  original 
opinion  that  it  does  not  rejDresent  real  structure,  but  is  an  optical 
effect  of  diffraction.il 

* “ Jouni.  Eoy.  Microsc.  Soc.,”  Vol.  ii.  (1879),  p.  810. 

f See  his  paper  ‘Ou  High  Power  Defiiiitiou,’  iu  “ Moutlily  Micro.scoj'ie.-il 
.Journal,”  Vol.  ii.  (1869),  p.  29.J,  .111(1  several  suhsequeut  papers. 

1 “ Monthly  Journ.  of  Microsc.  Sci.,”  Vol.  xi.  (1874),  p.  7i>. 

§ “Monthly  Microscopical  Joiirn.il,”  Vol.  v.,p.  246. 

!1  The  successive  Volumes  of  the  “ Monthly  Microscopical  Journ.il.  frem 

the  2nd  (in  wliich  Dr.  Royston-Pigott’s  views  were  first  j>roimilg.iled)  to  tlic 

present  date,  teem  with  P.ipers  ou  this  subject  from  Mr.  Jo.s.  Reck,  Jlr.  Mclntnc, 


STliUCTUP.E 


OF  SCALES  AND  HAIRS. 


I -JO 


G.-L  Iho  Hairs  of  many  Insects,  and  still  more  of  tlieiv  larvm 
are  very  interesting  objects  for  the  microscope,  on  account  of  theTi’ 
branched  or  tutted  conformation ; this  being  particularly  remark- 
able in  those  with  which  the  common  hairy  Caterpillars  are  so 


Fig.  421. 


Portion  of  a Podura-scale,  from  a Photograph  by  Col.  Dr.  Woodward. 


abimdantly  beset.  Some  of  these  afford  very  good  tests  for  the 
perfect  correction  of  Objectives.  Thus  the  hair  of  the  Bee  is  pretty 
sure  to  exhibit  strong  prismatic  colours,  if  the  Chromatic  aberra- 
tion should  not  have  been  exactly  neutralized ; and  that  of  the 
larva  ot  a UerTnestes  (commonly  but  erroneously  termed  the  ‘bacon- 
heetle  ) was  once  thought  a very  good  test  of  defining  power,  and 

purpose.  It  has  a cylindrical  shaft 
l±io-  4^-,,  li)  with  closely-set  whorls  of  sjiiny  protuberances,  four 
01  five  in  each  whorl ; the  highest  of  these  whorls  is  composed  of 
mere  knobby  spines : and  the  hair  is  surmounted  by  a curious 
circle  of  six  or  seven  large  filaments,  attached  by  their  pointed 
ends  to  its  shaft,  whilst  at  their  free  extremities  they  dilate  into 
approach  to_  this  structure  is  seen  in  the  hairs  of 
certain  Myriapods  (centipedes,  gally-worms,  &c.),  of  which  an 
examjile  is  sho^  in  Fig.  422,  a ; and  some  minute  foiuns  of  this 
c ass  are  most  beautiful  obj’ects  under  the  Binocular  Microscope, 
on  account  of  the  remarkable  structure  and  regular  arrangement 
of  their  hairs. 

G25.  In  examining  the  Integument  of  Insects,  and  its  appendages, 

Dv  Maddox,  Dr.  Eoyston-Pigott,  Mr.  Wooham,  and  Col.  Dr.  Woodward  • 
which,  with  a Paper  by  Mp  Slack  in  “The  Student,”  Fob  v.,  p.  49,  and 
a 1 aper  by  Mr.  Morehouse,  piviug  the  results  of  liis  exaiuiuatiou  of  the  scales 

opaque  objects,  under  very  higli  immersion  objectives 
''  niN  Phiminator  (“ Monthly  Microsc.  Jo.uru.,”  Fob  xviii.  1877' 

1>.  ol),  should  bo  consulted  by  such  as  wish  to  follow  out  the  inquiry.  ' 


734 


INSECTS  AND  ARACHNIDA. 


Fig.  422. 


parts  of  the  surface  may  be  viewed  either  by  reflected  or  trans- 
mitted light,  according  to  their  degree  of  transparence  and  the 

nature  of  their  covering.  The  Beetle  and 
Butterfly  tribes  furnish  the  greater  number 
of  the  specimens  suitable  to  be  viewed 
as  opariue  objects : and  nothing  is  easier 
than  to  mount  portions  of  the  elytra  of  the 
former  (which  are  usually  the  most  showy 
parts  of  their  bodies),  or  of  the  wings  of 
the  latter,  in  the  manner  described  in 
§ 175.  The  tribe  of  Gurculionidce,  in  which 
the  surface  of  the  body  is  beset  with  scales 
having  the  most  varied  and  lustrous  hues, 
is  distinguished  among  Coleoptera  for  the 
brilliancy  of  the  objects  it  affords;  the  most 
remarkable  in  this  respect  being  the  well- 
known  Curculio  imperialis,  or  ‘ diamond- 
beetle’  of  South  America,  parts  of  whose 
elytra,  when  properly  illuminated  and 
looked-at  with  a low  power,  show  hke 
clusters  of  jewels  flashing  against  a dark 
velvet  ground.  In  many  of  the  British 
Curculionidae,  which  are  smaller  and  far  less 
brilliant,  the  scales  lie  at  the  bottom  of  httle 
depressions  of  the  surface ; and  if  the  elytra 
of  the  ‘ diamond-beetle’  be  carefully  ex- 
amined, it  will  be  found  that  each  of  the 
clusters  of  scales  which  are  arranged  upon 
it  in  rows,  seems  to  rise  out  of  a deep  jiit 
which  sinks-in  by  its  side.  The  transition 
from  Scales  to  Hairs  is  extremely  well  seen 
by  comparing’  the  different  parts  of  the  sur- 
face of  the  diamond-beetle  mth  each  other. 
The  beauty  and  brilliancy  of  many  objects  of  this  kind  are  increased 
by  mounting  them  in  cells  in  Canada  balsam,  even  though  they  are 
to  be  viewed  with  reflected  light ; other  objects,  however,  are  ren- 
dered less  attractive  by  this  treatment ; and  in  order  to  ascertain 
whether  it  is  likely  to  improve  or  to  deteriorate  the  specimen,  it  is. 
a good  plan  first  to  test  some  other  portion  of  the  body  having 
scales  of  the  same  kind,  by  touching  it  with  turpentine,  and  then 
to  mount  the  part  selected  as  an  object,  either  in  balsam  or  dry. 
according  as  the  turpentine  increases  or  diminishes  the  brilliancy 
of  the  scales  on  the  spot  to  which  it  was  applied.  Portions  of  the 
wings  of  Lepidoptera  are  best  mounted  as  opaque  objects,  mthout 
any  other  preparation  than  gumming  them  flat  down  to  the  disk 
of  the  wooden  slide  (§  175) ; care  being  taken  to  avoid  disturbing 
the  arrangement  of  the  scales,  and  to  keep  the  objects,  when 
mounted,  as  secluded  as  possible  from  dust.  In  selecting  such 
portions,  it  is  well  to  choose  those  which  have  the  brightest  and 


A,  Hair  of  Jlynapod. 
n,  Hair  of  JDermestes. 
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"tliG  most  contrasted  colours,  exotic  hn+foTfliac  i • • n • 

usually  preferable  to  British  ; 'and  before  atLcSna 

shdes,  care  should  be  takcii  tn  C-.-„ 1 j ® then 


rail  r *» 

P / are  best  mounted  in  Balsam. 

.pper  .rrf,-  ”P™  ‘he 

head,  are  usually  very  con 


spicuous  organs,  and  are  fre- 
quently so  large  as  to  touch 
each  other  ^ 


in  front  (Fiff. 
423).  Wefind  in  their  struc- 


ture a remarkable  example 
of  that  multiplication  of 


i I 


similar  parts,  which  seems 
to  be  ^ the  predominating 
idea  in  the  conformation 
of  Articulated  animals  ; for 
each  of  the  large  protuberant 
'bodies  which  we  designate 
as  an  eye,  is  really  a ‘ com- 
pound’ eye,  made  up  of 
many  hundred  or  even  many 
thousand  minute  conical 
oeellites  (b).  Approaches  to 
dus  structure  are  seen  in 
Annelida  and  Entomostraca ; but  the  number  of  ‘ocellites’ tbn« 

™ higher  0^*1“  how! 

ocellites  are  veiy  numerous;  and  their  compound  eyes  are 
thesame  general  plan  as  those  of  Insects,  thoiml 
heir  shape  and  position  are  often  very  peculiar  (Fig.  491), 


Head  and  Compound  Eyes  of  the  Bee, 
showing  the  ocellites  m situ  on  one  side  Ta") 
and  displaced  on  the  other  («)  ; a,  a,  a,  steni- 
niata,  o,  b,  antennae. 


li 

Tlie 


i 
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Fig.  424. 


individual  ocellites  are  at  once  recognized,  wlien  the  ‘ compound 
eyes’  are  examined  under  even  a low  magnifying  power,  by  the 
‘facetted’  appearance  of  the  surface  (Fig.  423,  a),  which  is  marked- 
out  by  very  regular  divisions  either  into  hexagons  or  into  squares  : 

each  facet  is  the  ‘corneule’  of 
a separate  oceUite,  and  has  a 
convexity  of  its  own  ; hence  by 
counting  the  facets,  we  can  as- 
certain the  number  of  ocellites  in 
each  ‘ compound  eye.’  In  the 
two  eyes  of  the  common  Fly^ 
there  are  as  many  as  4,000  ; in 
those  of  the  Cahhaye- Butterfly 
there  are  about  17,000 ; in  the 
Dragon-fly,  24,000 ; and  in  the 
Mordella  Beetle,  25,000.  Behind 
each  ‘ corneule’  is  a layer  of  dark 
pigment,  which  takes  the  place 
and  seiwes  the  purpose  of  the 
‘ iris’  in  the  eyes  of  Vertebrate 
animals  ; and  this  is  perforated 
by  a central  aperture  or  ‘ pupil,’’ 
through  which  the  rays  of  light 
that  have  traversed  the  corneule 


Sectiou  of  the  Composite  Eye  of 
Melolontha  vulgaris  (Cockchafer) 
facets  of  the  cornea ; h,  transparent 
pyramids  surrounded  with  pigmeut ; 
c,  fibres  of  tlie  optic  nerve;  d,  trunk 
of  the  optic  nerve. 


gain  access  to  the  interior  of  the 

O 


Fig.  425. 


Minute  structure  of  the 
Eye  of  tlie  Bee : — a a,  an- 
terior lenses  of  corneule; 
a'  a',  its  posterior  lenses ; 
c c,  pupillary  apertures, 
separated  by  intervening 
pigment  d d ; b b,  pj^a- 
mids  separated  by  pig- 
ment d' d',  and  abutting 
on  e c,  bulbous  extremi- 
ties of  nerve-fibres. 


eye.  The  further  structure  of 
these  bodies  is  best  examined  by  vertical 
sections  (Fig.  424) ; and  these  show  that 
the  shape  of  each  ocellite  (6)  is  conical,  or 
rather  pyramidal,  the  corneule  forming  its 
base  (a),  whilst  its  apex  abuts  upon  the 
extremity  of  a fibre  (c)  proceeding  from  the 
termination  of  the  optic  nerve  (d).  The 
details  of  the  structure  of  each  ocellite  arc 
shown  in  Fig.  425 ; in  which  it  is  shown 
that  each  corneule  is  a double-convex  lens, 
made  up  by  the  junction  of  two  plano-con- 
vex lenses,  a a and  a'  a',  wliich  have  been 
found  by  Dr.  Hicks  to  possess  different 
refractive  powers  ; by  this  aiTangement  (it 
seems  probable)  the  aberrations  are  dimi- 
nished, as  they  are  by  the  combination  of 
‘ humours’  in  the  Human  eye.  That  each 
‘ corneule’  acts  as  a distinct  lens,  may  be 
shown  by  detaching  the  entire  assemblage 
by  maceration,  and  then  drying  it  (fiatteued 
out)  upon  a slip  of  glass;  for  when  tlus 
is  placed  under  the  Microscope,  if  the  point 
of  a knife,  scissors,  or  au}'  similar  object, 


the  length  of  the  pyramid  behind  it;  «o  that  the  iniTe  ^ 
produces  will  tall  upon  the  extremity  of  the  filammit 
nerve  which  passes  to  the  latter.  tUdvi  amid??r/Vi  • 
transparent  substance,  which  may  be  considered  as  reprSentino- 

■ the  vitreous  humour;’  and  they  are  separated  from  each  otSr  bv 
a layei  of  dark  pigment  d d' , winch  closes-in  at  d d between  then- 

fl  ^ leaving  a set  of  pupillary  apertures  c c 

foi  the  entrance  of  the  rays  which  pass  to  tlieni  from  the  ‘ corneules  ’ 
After  traversing  these  pyramids,  the  rays  reach  the  bulbous  S' 

like  the  pyramid,  by  pipientary  substance.  Thus  the  ray^Xch 
have  passed  tlirough  the  several  ‘ corneules’  are  preveXl Tom 
mixing  mth  each  other;  and  no  rays,  save  those  whiclSiass  in  tlm 
.^es  of  the  pyramids,  can  reach  the  fibres  of  the  optic  nen^e 
evident,  that,  as  no  twoocellites  on  the  same  side  (Fig* 

-+Vp  I^  can  receive  their  rays  from 

the  same  point  of  an  object ; and  thus,  as  each  compound  eye  is  im 
imovably  fixecl  upon  the  head,  the  combined  action  of  the  entire’ 
-negate  wiU  in-obably  only  afford  but  a single  imao-e  resemblino- 
dhat  which  we  obtain  by  means  of  our  single  eyes.— AJthouo-h  the 
considered  as  the  typical  strukure  of  the  Eyes  of 
Ifnsects,  yet  there  are  various  departures  from  it  (most  of  ^hem 
a t bT  f y <lifferent  members  of  the  Class.  Thus  in  some  cases 
1 iT  posterior  surface  of  _ each  ‘ corneule’  is  concave  ; and  a space  is 
» ' eft  between  it  and  the  ms-like  diaiihragm,  which  seems  toSie  op 
-upied  by  a wateiy  fluid  or  ‘ aqueois  humour  ;’  t oTer  instance; 
ill  ■jam,  this  space  is  occupied  by  a double-convex  body,  ivhicli -seems 
0 represent  the/ crystalline-lens ;’  and  this  body^is  sSnSs 
.oiind  behind  the  ms,  the  number  of  ocellites  being  reduced  Tnd 

"^  rthTof  T T Pi’esents  more  resembiance 

o that  of  bpiders,  Ac.— Besides  their  ‘ compound’  eyes,  Insects 

sually  possess  a small  number  of  bsimiile’  eyes  (termed  ocelli  or 

• consists  of  a single  very  convex  corneule  • to  the  back  nf 
proceeds  a bancUe  of  rods’that  are  ia  connL’tiSr  "Sll  fitib 

■ the  optic  nerve.  Such  ocelli  are  the  only  visual  oro-ans  of  the 

-arvai  ot  insects  that  undergo  complete  metamorpliosis  • the 
uiTstege  developed  towards  the  end  of  the 

modes  of  preparing  and  mounting  the  Eyes  of 

* ii sects  niay  be  adopted,  according  to  the  manner  wherein  they  are 

niVyy  qbsciwation  of  their  external  facetted 

y reflected  light,  it  is  better  to  lay  down  the  entire  head, 

* For  mimitc  details  as  to  the  .stnictnre  of  tlio  Eyes  of  Tnsi'cts  se,.  (I„. 
miniblo  Memoir  by  Mr.  Lowne,  in  “ Pin’].  Trans  ” 1878  n - ' " ^ 
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so  as  to  present  a front-face  or  a side-face,  according  to  the 
position  of  the  eyes  ; the  former  giving  a view  of  both  eyes,  when 
they  approach  each  other  so  as  nearly  or  quite  to  meet  (as  in 
Mg.  423);  whilst  the  latter  will  best  display  one,  when  the  eyes 
are  situated  more  at  the  sides  of  the  head,  l^or  the  minuter 
examination  of  the  ‘ corneules,’  however,  these  must  be  separated 
from  the  hemispberoidal  mass  whose  exterior  they  form,  by  pro- 
longed maceration  ; and  the  ^jigment  must  be  carefully  washed 
away,  by  means  of  a fine  camel-hair  brush,  from  the  inner  or 
posterior  surface.  In  flattening  them  out  upon  the  glass-slide,  one 
of  two  things  must  necessarily  happen  ; either  the  margin  must 
tear  when  the  central  portion  is  pressed-down  to  a level ; or,  the 
margin  remaining  entire,  the  central  portion  must  be  thrown  into 
plaits,  so  that  its  corneules  overlap  one  another.  As  the  latter 
condition  interferes  with  the  examination  of  the  structure  much 
more  than  the  former  does,  it  should  be  avoided  by  making  a 
number  of  slits  in  the  margin  of  the  convex  membrane  before  it  is 
flattened-ont.  ^ ertical  sections,  adapted  to  demonstrate  the  struc- 
ture of  the  ocelli  and  their  relations  to  the  optic  nerve,  can  be 
only  made  when  the  insect  is  fresh,  or  has  been  preseiwed  in  strong 
spirit.  Mr.  Lowne  (Zoc.  cit.)  recommends  that  the  head  should  be 
hardened  in  a 2 per  cent,  solution  of  chromic  acid,  and  then  imbedded 
in  cacao-butter;  the  sections  must  be  cut  very  thin,  and  should  be 
mounted  in  Canada  balsam.  The  following  are  some  of  the  Insects 
whose  eyes  are  best  adapted  for  Microscopic  prejDarations : — 
Ooleoptera,  Oicindela,  Dytiscus,  Melolontha  (Cockchafer),  Lucanus 
(Stag-beetle); — Orthoptera,  Acheta  (House  and  Field  Crickets), 
Locusta ; — iZ'emip^ern,]Srotonecta  (Boat-fly) ; — Neuroptera,  Libellula 
(Dragon-fly),  A grion  ; — Hyme/iopfera,  Vespidm  (Wasps)  and  Apida? 
(Bees)  of  all  kinds ; — Lepidoptera,  Yanessa  (various  species  of 
Butterflies),  Sphinx  ligustri  (Privet  hawk-moth),  Bombyx  (Silk- 
worm moth,  and  its  allies) ; — BipAera,  Tabanus  (Gad-fly),  Asilus, 
Ei’istalis  (Drone-fly),  Tipula  (Crane-fly),  Musca  (House-fly),  and 
many  others. 

628.  The  Antennce,  which  are  the  two  jointed  appendages  arising 
from  the  upper  part  of  the  head  of  lusects  (Fig.  423,  h h),  present 
a most  wonderful  variety  of  conformation  in  the  several  tribes  of 
Insects  ; often  differing  considerably  in  the  several  species  of  one 
genus,  and  even  in  the  two  sexes  of  the  same  species.  Hence  the 
characters  which  they  afford  are  extremely  useful  in  classification ; 
especially  since  their  structure  must  almost  necessarily  be  in  some 
way  related  to  the  habits  and  general  econom}’’  of  the  creatures  to 
which  they  belong,  although  our  imperfect  acquaintance  Avith  their 
function  may  prevent  us  from  clearl}’’  discerning  this  relation. 
Thus  among  the  ColeoiDtera  we  find  one  large  family,  including 
the  GloAV-worm,  Fire-fly,  Skip-jack,  &c.,  distinguished  by  the 
toothed  or  serrated  foiun  of  the  antennm,  and  hence  called  Scrri- 
enrnes ; in  another,  of  which  the  Burying-beetle  is  the  tyjAe.  the 
antennm  are  terminated  by  a club-shaped  eulai'gemcut,  so  that 


antennae. 

these  beetles  are  termed  ClavlcnvTiP-,  • 

the  Hydrophilus  or  laro-e  Water  Epp+Io  i . agam,  of  which 

•arc  neVer  ionger  and  are  oomSf  l\'  f “ **'<= 

of  palpi.  wHefce  the  7?:?Xn,S‘S  g^“  Z tuf  “ 
in  the  very  large  familv  t,ln+  i'Trrri„/i„  xi  to  this  group  ; 

with  the  Scarabaii,  ol  which  the  CMMin'f'r™’**  >'?'  ®*®8:-heetles 
example,  the  antenna,  terete  in  a art  ^ commonest 
which  are  sometimes  arranged  like  a fan  or  tSf  ^ appendages, 
book  (Pig.  426),  are  BometiSies  paLnel  to  eac^oieS^^^^ 

the  nZ  iZSrZr  wtlranoX;  Urofft'’ 

fcS*isrl“: 

contains  figures  and  de-  ^ ^ treatise  on  Entomologj- 


Fig.  42G. 


scriptions  of  the  principal 
types  of  confoinnation  of 
these  organs,  there  is  no 
occasion  here  to  dwell 
upon  them  longer  than  to 
specify  such  as  are  most 
interesting  to  the  Micro- 
scopist.— C'oZeo2i^em,  Bra- 
chinus,  Calathns,  Harpa- 
lus,  Dytiscus,  Staphyli- 
nns,  Philonthns,  Elater, 

Lampyris,  Silpha,  Hydro- 

■ philus,  Aphodius,  Melo- 
lontha,  Cetonia,  Curculio; 

■ ~ Ortlwptera,  Eorficula 
I (Earwig),  Blatta  (Cock- 
n’oach)  ; — Lepidoptera, 

• Sphinges  (Hawk-moths), 

.■and  Hoctuma  (Moths)  of 
'various  kinds,  the  large 

• plumed’  antennjB  of  the 
I latter  being  peculiarly 
I beautiful  objects  under  a 
Mow  magnifymg  power ; — 

IDiptei'ci,  Cnlicidm  (Gnats 

f ^ll™nnd'°M  M “<1  Midges),  Tabanua,  Eris 

t *ahs,  and  Muscidm  (Elies  of  various  kinds).  All  the  larger 

‘ opaque  objects,  should \c 
inf  flio  II  being  soaked  for  some  time  in  turpentine; 

o distnSfrn^  f f Gloats  and  Midges  are  so  liable 

• n fi  Si  ^ thus  mounted,  that  it  is  better  to  set  them  up 

m fluid,  the  head  with  its  pair  of  antennm  being  thus  preserved 

3 B 2 


Autenna  of  Mdolontha  (Cockciiafer). 
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together  when  not  too  largo. — A curious  set  of  oi-gaus  has  Ijceu 
recently  discovered  in  the  antennas  of  many  Insects,  which  have 
been  supisosed  to  constitute  collectively  an  apparatus  for  Hearing. 
I5ach  consists  of  a cavity  hollowed  out  in  the  horny  integument, 
sometimes  nearly  spherical,  sometimes  liask-shaped,  and  some- 
times jirolonged  into  numerous  extensions  formed  by  the  folding  of 
its  lining  membrane ; the  mouth  of  the  cavity  seems  to  be  normally 
closed-in  by  a continuation  of  this  membrane,  though  its  pre- 
sence cannot  always 
be  satisfactorily  deter- 
mined; whilst  to  its 
deepest  jiart  a nerve- 
fibre  may  be  traced. 
The  expanded  lamelhe 
of  the  antennae  oiMelo- 
Inntha  present  a great 
display  of  these  cavi- 
ties, which  are  indi- 
cated in  Fig.  427,  .-i,  by 
the  small  circles  that 
beset  almost  their  en- 


Minute  structure  of  loaf-like  expausiou.s  of  Aii-  tire  area  ; their  form, 
tenua  of  J\rcloIoiitli(i : — A,  tlieir  internal  layer;  n,  which  is  very  pecuhar 
their  superficial  layer. 

out  by  vertical  sec- 
tions ; but  in  many  of  the  smaller  antennae,  such  as  those  of  the 
Bee,  the  cavities  can  be  seen  sideways  without  any  other  trouble 
than  that  of  bleaching  the  specimen  to  render  it  more  trans- 
parent.* 

629.  The  next  point  in  the  organization  of  Insects  to  which  the 
attention  of  the  M.icroscopist  may  be  directed,  is  the  structure  of 
the  mouth.  Here,  again,  we  find  almost  infinite  varieties  in  the 
details  of  conformation  ; but  these  may  be  for  the  most  part  reduced 
to  a small  number  of  types  or  plans,  which  are  characteristic  of  the 
different  orders  of  Insects.  It  is  among  the  Goleoptem,  or  Beetles, 
that  we  find  the  several  parts  of  which  the  mouth  is  composed,  in 
their  most  distinct  form  ; for  although  some  of  these  parts  are  much 


* See  the  Memoir  of  Dr.  Ilicks  ‘Ou  a new  Structure  in  the  Antennre  of  In- 
sects,’ in  “ Traus.  of  Liuu.  Soc.,”  Vol.  xxii.,  p.  147  ; ,aud  his  ‘ Further  Kemarks.’ 
at  p.  383  of  the  same  volume.  See  also  the  Memoir  of  M.  Lespds,  ‘ Siir  I’Appa- 
reil  Auditif  des  lusectes,’  in  “ Aim.  des  Sci.  Nat.,”  Ser.  4,  Zook,  Tom.  ix.,  p.  2o!<: 
.and  that  of  M.  Olaparedc,  ‘Sur  les  prdteudus  Orgaues  Auditifs  des  Coleopt5re> 
lamellicorues  ct  autres  lusectes,’  in  “Ami.  des.  Sci.  Nat.,”  Sdr.  4,  Zook,  'I’om. x.. 
p.  236.  Dr.  Ilicks  lays  great  stress  ou  the  ‘ bleaching  iirocess,’  as  essential  to 
success  iu  this  iuvestig.atiou  ; .and  he  gives  the  following  directious  for  jier- 
forming  it: — Take  of  Chlorate  of  Potass  a drachm,  and  of  Water  a di'achm  ami 
a half  ; mix  these  in  a small  wide  bottle  cout.aiuing  about  an  ounce  ; wait  five 
minutes,  .and  then  add  about  a drachm  and  a half  of  strong  Hydrochloric  .Icid. 
Chlorine  is  thus  slowly  developed;  and  the  mixture  will  retain  its  hlearhinc' 
power  for  some  time. 
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more  highly  developed  in  other  Insects,  other  parts  may  he  so  much 
cilteied  01  so  little  developed,  as  to  be  scarcely  recognizable.  The 
Goleoptera  present  the  typical  conformation  of  the  ^andihulaU 
mouth,  which  is  adapted  tor  the  prehension  and  division  of  solid 
substances ; and  this  consists  of  the  following  parts  — 1 a pair  of 
,iaws,_  termed  mandibles,  frequently  furnished  with  powerful  teeth 
opening  laterally  on  either  side  of  the  mouth,  and  servino-  as  the 
chief  instruments  of  manducation  ; 2,  a second  pair  of  iawsrtermed 
maxdJce,  smaller  and  weaker  than  the  preceding,  beneath  which 
they  are  placed,  and  serving  to  hold  the  food,  and  to  convey  it  to 
the  back  of  the  mouth;  3,  an  upper  lip,  or  labvum ; 4,  a lower  lip 
or  labiam;  o,  one  or  two  pairs  of  small  jointed  appendages  termed 
pal2v,  attached  to-  the  maxillm,  and  hence  ciilled  maxillary  paljoi  ; 

Fig,  428. 


l ongue  of  commou  — u,  lobes  of  ligula ; b,  portion  cu- 
dosing  the  lancets,  fomied  by  the  nietaraoiiibosis  of  the  max- 
illiE  ; c,  maxillary  palpi: — a,  portion  of  one  of  the  pseudo- 
traclioic  enlarged. 


i. 

i 

c 

t 


1,  a pair  of  labial  jyalirl.  The  labium  is  often  composed  of  several 
distinct  parts;  its  basal  portion  being  distinguished  as  the  mentmn 
■ ir  chin,  and  its  anterior  portion  being  sometimes  considerably  pro- 
' onged  forwards,  so  as  to  form  an  organ  which  is  properly  designated 
:he  hyida,  but  which  is  more  commonly  known  as  the  ‘ tongue,’ 
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Fig.  429. 


i-eally  entitled  to  that  designation,  the  real  tonrjiui  heiu<r 
a soft  and  projecting  organ  which  forms  the  floor  of  the  moutir 
and  which  m only  found  as  a distinct  part  in  a comparatively  small 
number  of  Insects,  as  the  Cricket.— This  ligxda  is  extremely 
developed  in  the  Fly  kind,  in  which  it  forms  the  chief  part  of  what 

is  commonly  called  the  ‘ pro- 
boscis’ (Fig.  428);*  and  it 
also  forms  the  ‘ tongue’  of  the 
Bee  and  its  allies  (Fig.  429). 
The  ligula  of  the  common  Fly 
presents  a curious  modifica- 
tion  of  the  ordinary  tracheal 
structure _(§  634),  the  purpose 
of  which  is  not  apjiarent;  for 
instead  of  its  tracheae  being 
kept  pervious,  after  the  usiial 
fashion,  by  the  winding  of 
a continuous  spiral  fibre 
through  their  interior,  the 
fibre  is  broken  into  rings, 
and  these  rings  do  not  sur- 
round the  whole  tube,  but 
are  terminated  by  a set  of 
arches  that  pass  from  one 
to  another  (Fig.  428,  .\).t — 
In  the  Diptera  or  two-winged 
Flies  generally,  the  labruin, 
inaxillffi,  mandibles,  and  the 
internal  tongue  (where  it 
exists)  are  converted  into 
delicate  lancet-shajied  organs 
termed  setce,  which,  when 
closed-together,  are  received 
into  a hollow  on  the  upper 
side  of  the  labium  (Fig.428,  h), 


■ipk  ■mi’llljica 
mandibles ; 
ligula,  or 


A,  I’arl.s  of  tbo  Mouth  of 
(TJouuy-boe):^ — «,  meutum; 

(•,  inaxillai;  d,  labial  palpi; 
prolonged  labium,  commonly  termed  the 
tongue : — n,  portion  of  the  sui'face  of  the 
ligula,  more  highly  magnified. 

* The 


The  representation  given  in  the  figure  is  taken  from  one  of  the  ordinary 
))reparations  of  the  Fly’s  proboscis,  which  is  made  by  slitting  it  open,  flattening 
it  out,  and  mounting  it  in  Balsam.  For  representations  of  the  tnie  relative 
positions  of  the  different  parts  of  this  wonderful  organ,  and  for  minute  descrip- 


^ .ix  1 1 Lin.^Xi  J'  ^ VJOL>«  V UI,  Al.j 

these  ‘pseudo-trachea*’  are  suctorial  organs,  which  can  take-in  licpiid  alike  at 
their  extremities  and  through  the  whole  length  of  the  fissure  caused  b}’  the 
interruption  of  the  rings;  the  edges  of  this  fissure  being  formed  by  the  alternat- 
ing series  of  ‘ oar-like  appendages,’ connected  with  the  terminal  ‘arches,’  the 
i!lo.sing-together  of  which  converts  the  pseudo-trachea  into  a complete  tnlx*. 
Dr.  A.  considers  each  of  these  e.ar-like  appendages  to  be  a minute  sucker, 
‘•either  for  the  adhesion  of  the  fleshy  tongue,  or  for  the  imbibition  of  fluids,  or 
l)orhaps  for  both  purposes.’’ — ’I’lie  point  is  well  worthy  of  further  investig.aiion. 
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l)ut  which  are  capable  of  being  used  to  make  jDanctures  in  the  skin 
ot  Animals  or  the  epidermis  of  Plants,  whence  the  juices  may  be 
drawn  forth  by  the  proboscis.  Frequently,  however,  two  or  more  of 
these  organs  may  be  wanting,  so  that  their  number  is  reduced  from 
six,  to  tour,  three,  or  two. — In  the  Hymenopfera  (Bee  and  Wasp 
tribe),  the  labrum  and  the  mandibles  (Fig.  429,  1)  much  resemble 
those  ot  Mandibulate  Insects,  and  are  used  for  corresponding 
purposes;  the  maxillm  (c)  are  greatly  elongated,  and  form,  when 
closed,  a tubular  sheath  for  the  Ligida  or  ‘ tongue,’  tlirouo-h  which 
the  honey  is  drawn  up ; the  labial  palpi  (d)  also  are  greatly  de- 
veloped, and  fold  together,  like  the  maxillae,  so  as  to  form  an  inner 
sheath  for  the  ‘ tongue  while  the  ‘ligula’  itself  (e)  is  a long  taper- 
ing muscular  organ,  marked  by  an  immense  number  of  short 
annular  divisions,  and  densely  covered  over  its  own  length  with 
long  hairs  (b).  It  is  not  tubular,  as  some  have  stated,  but  is 
solid ; when  actively  employed  in  taking  food,  it  is  extended  to  a 
great_ distance  beyond  the  other  parts  of  the  mouth;  but  when  at 
rest,  it  is  closely  packed-up  and  concealed  between  the  maxilla3. 

The  manner,”  says  Mr.  JSTewport,  “ in  which  the  honey  is  obtained 
when  the^organ  is  pluoged  into  it  at  the  bottom  of  a flower,  is  by 
lapping,  or  a constant  succession  of  short  and  quick  extensions 
. and  contractions  ot  the  organ,  which  occasion  the  fluid  to  accu- 
mulate upon  it  and  to  ascend  along  its  upper  surface,  until  it 
reaches  the  orifice  ot  the  tube  formed  by  the  approximation  of  the 
maxillae  above,  and  of  the  labial  palpi  and  this  part  of  the  li<^<-ula 
below.”  ^ 

630.  By  the  plan  of  conformation  just  described,  we  are  led  to 
: tha,t  which  prevails  among  the  Lepiclop)tera  or  Butterfly  tribe,  and 
wliich,  being  pre-eminently  adajited  for  suction,  is  termed  the 
. haustellate  mouth.  In  these  Insects,  the  labrum  and  mandibles 
;.are  reduced  to  three  minute  triangular  jalates  ; whilst  the  inaxillie 
i are  imniensely  elongated,  and  are  united  together  along  the  median 
line  to  form  the  haustelliiom  or  time  ‘ proboscis,’  which  contains  a 
•tube  formed  by  the  junction  of  the  two  grooves  that  are  channelled 
-out  along  their  mutually  applied  surfaces,  and  which  serves  to 
; pump-up  the  juices,  of  deep  cup-shaped  flowers,  into  which  the  size 
■ <if  their  wings  prevents  these  insects  from  entering.  The  length  of 
ithis  haustelliuni  varies  greatly  : thus  in  such  Lepidoptera  as  take 
mo  food  in  their  perfect  state,  it  is  a very  insigniticant  organ ; in 
.some  of  the  white  Hawk-moths,  which  hover  over  blossoms  without 
; alighting,  it  is  nearly  two  inches  in  length;  and  in  most  Butter- 
'flie.s  and  Moths  it  is  about  as  long  as  the  body  itself.  This  ‘ haus- 
ttellium,’  which,  when  not  in  use,  is  coiled-up  in  a spiral  beneath 
tthe  mouth,  is  an  extremely  beautiful  Microscopic  object,  owing  to 
tthe  peculiar  banded  arrangement  it  exhibits  (Fig.  430),  which  is 
I probably  due  to  the  disposition  of  its  muscles.  In  many  instances, 
tthe  two  halves  may  be  seen  to  be  locked  together  by  a set  of  hooked 
'teeth,  which  arc  inserted  into  little  depressions  between  the  teeth 
of  the  opposite  side.  Each  half,  moreover,  may  be  ascertained  to 
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<-ontam  a trachea  01- (§  634);  and  it  is  probable,  from  the 
observations  of  Mr.  Newport,  that  the  suching-np  of  the  iuice.s  of  a 
[lower  through  the  proboscis  (which  is  accomplished  with  great 
rapidity)  is  effected  by  the  agency  of  the  respiratory  apparatus. 

le  proboscis  of  many  Butterflies  is  furnished,  for  some  distance 
trom  its  extremity,  with  a double  row  of  small  pro]'ecting  barrel- 
shaped bodies  (shown  in  Fig.  430),  which  are  surmised  by  Mr. 

Fig.  430. 


Hiiustelliuiii  (proboscis)  of  T"a)icss((.  i 

Newport  (whose  opinion  is  confirmed  by  the  kindred  inquiries  of 
IJr.  .Hicks,  § 628)  to  be  organs  of  taste.— Numerous  other  modifica- 
tions  of  the  structure  of  the  mouth,  existing  in  the  different  tribes 
of  Insects,  are  well  worthy  of  the  careful  study  of  the  Microscopist ; | 
but  as  detailed  descriptions  of  most  of  these  will  be  found  in  every  * 
Systematic  Treatise  on  Entomology,  the  foregoing  general  account  7 
of  the  jirincipal  types  must  suffice.  '» 

631.  Parts  of  the  Pody. — The  conformation  of  the  several 
divisions  of  the  alimentary  canal  iirescnts  such  a multitude  of  ^ 
diversities,  not  only  in  different  tribes  of  Insects,  but  in  different  .y 
states  of  the  same  individual,  that  it  would  be  utterly  vain  to  t 
attemjit  here  to  give  even  a general  idea  of  it ; more  especially  as  * 
it  is  a subject  of  far  less  interest  to  the  ordinary  Microscopist.  than 
to  the  jirofessed  Anatomist.  Hence  we  shall  only  stop  to  mention 
that  the  muscular  gizzard’  in  wliich  the  oesophagus  very  commonly 
terminates,  is  often  lined  by  several  rows  of  strong  horny  teeth  for 
the  reduction  of  the  food,  which  furnish  very  beautiful  objects, 
especially  for  the  Binocular.  These  are  particularly  develoiied 
among  the  (Irasshojij^crs,  Crickets,  and  Locusts,  tlie  nature  of 
whose  food  causes  them  to  require  2'>oworfiil  instruments  for  its 
reduction.  • 
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(>o2.  ilie  Circulation  of  Blood  may  be  distiuctly  watclied  in 
juauy  oI  the  more  trans]Darent  larvaj,  and  may  sometimes  be 
ubserved  m the  perfect  insect.  It  is  kept-up,  not  by  an  ordinary 
iieax't,  but  by  a ‘ dorsal  vessel’  (so  named  from  the  ijosition  it 
always  occupies  along  the  middle  of  the  back),  which  reaUy  consists 
of  a succession  of  muscular  hearts  or  contractile  cavities,  one  for 
each  segment,  opening  one  into  another  from  behind  forwards,  so 
as  to  form  a continuous  trunk  divided  by  valvular  partitions.  ’ In 
many  larvm,  however,  these  partitions  are  very  indistinct ; and  the 
walls  of  the  ‘dorsal  vessel’  are  so  tliin  and  transparent,  that 
it  can  with  difficulty  be  made-out,  a limitation  of  the  light  by  the 
diaphragm  being  often  necessary.  The  blood  which  moves  through 
this  trunk,  and  which  is  distriliutcd  by  it  to  the  body,  is  a trans- 
parent and  nearly-colourless  fluid,  carrying  with  it  a number  of 
•oat-shaped’  corpuscles,  by  the  motion  of  which  its  flow  can  be 
followed.  The  current  enters  the  ‘ dorsal  vessel’  at  its  posterior 
extremity,  and  is  projDelled  forwards  by  the  contractions  of  the 
successive  chambers,  being  prevented  from  moving  in  the  opposite 
direction  by  the  valves  between  the  chambers,  which  only  open 
forwards.  ^ Arrived  at  the  anterior  extremity  of  the  ‘ dorsal  vessel.’ 
the  blood  is  distributed  in  three  principal  channels  ; a central  one, 
namely,  passing  to  the  head,  and  a lateral  one  to  either  side, 
descending  so  as  to  approach  the  lower  surface  of  the  body.  It  is 
fiorn  the  two  lateral  currents  that  the  secondary  streams  diverge, 
which  pass  into  the  legs  and  wings,  and  then  return  back  to  the 
main  stream ; and  it  is  from  these  also,  that,  in  the  larva  of  the 
Ephemera  manjinata  (Day-fly),  the  extreme  transparence  of  which 
renders  it  one  of  the  best  of  all  subjects  for  the  observation  of  In- 
sect Circulation,  the  smaller  currents  diverge  into  The  gill-like 
appendages  with  which  the  body  is  furnished  (§  636).  The  blood- 
currents  seem  rather  to  pass  through  channels  excavated  among 
the  tissues,  than  through  vessels  with  distinct  walls  ; but  it  is  not 
im^irobable  that  in  the  perfect  Insect  the  case  may  be  different.  In 
^d^^tic  larvm,  especially  those  of  the  GuUcidce  (Gnat  tribe), 
the  body  is  almost  entirely  occupied  by  the  visceral  cavity ; and  the 
blood  may  be  seen  to  move  backwards  in  the  space  that  surrounds 
the  alimentary  canal,  which  here  serves  the  purpose  of  the  channels 
usually  excavated  through  the  solid  tissues,  and  which  freely  com- 
municates at  each  end  with  the  ‘ dorsal  vessel.’  This  condition 
strongly  resembles  that  found  in  many  Annelida.* 

633.  The  circulation  may  be  easily  seen  in  the  wings  of  manj'- 
Insects  in  their  papa  state,  especially  in  those  of  the  li^euroiitera 
(such  as  Dragon-flies  and  Day-flies)  which  pass  this  part  of  their 
liv(!s  under  water  in  a condition  of  activity  ; the  pupa  of  Agrion 
■guell  a,  one  of  the  smaller  dragon-flies,  being  a particularly  favourable 

“ See  |]i(!  Memoirs  on  Corethra  pliimicoi'nis,  by  Prof.  Rymcr  Jones,  in 
“Transact,  of  Micro.so.  Hoc.,”;  N.S.,  Vol.  xv.  (18(i7),  p.  DO  ; by  Prof.  E.  Ray 
Lankestcr,  in  t)ie  “ I’o])nlar  Bcience  Review’’ for  October,  18G5;  ami  liy  Di-. 
A.  Wiiissniann,  in  “yicjljolcl  and  KSllikcr’a  Zcitsclirift,”  Tkl.  xvi.,  p.  4i>. 
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subject  for  such  observations.  Each  of  the  ‘uervures’  of  the 
wings  contains  a ‘ trachea’  or  air-tube  (§  634),  which  branches-oif 
from  the  tracheal  system  of  the  body ; and  it  is  in  a space  around 
the  trachea  that  the  blood  may  be  seen  to  move,  when  the  hard 
framework  of  the  nervnre  itself  is  not  too  opaque.  The  same  may 
be  seen,  however,  in  the  wings  of  pupse  of  Bees,  Butterflies,  &c., 
which  remain  shut-up  motionless  in  their  cases ; for  this  condition 
of  apparent  toiqDor  is  one  of  great  activity  of  their  nutritive  system, 

— those  organs,  especially,  which  are  peculiar  to  the  perfect  Insect, 
being  then  in  a state  of  rajDid  growth,  and  having  a vigorous  cir- 
culation of  blood  through  them.  In  certain  insects  of  nearly  every 
order,  a,  movement  of  fluid  may  be  seen  in  the  wings  for  some 
little  time  after  their  last  metamorphosis  ; but  this  movement  soon 
ceases,  and  the  wings  dry-up.  The  common  Fly  is  as  good  a sub- 
ject for  tliis  observation  as  can  be  easily  found  ; it  mu.st  be  caught 
within  a few  hours  or  days  of  its  first  appearance  ; and  the  chcula- 
tio_n  may  be  most  conveniently  brought  into  view  by  enclosing  it  N 
(without  water)  in  the  aquatic  box,  and  pressing-down  the  cover 
sufficiently  to  keep  the  body  at  rest  without  doing  it  any  injury. 

634.  The  Bespiratorij  apparatus  of  Insects  affords  a very  interest- 
ing series  of  Microscopic  objects  ; for,  with  great  uniformity  in  its 
general  plan,  there  is  almost  infinite  variety  in  its  details.  The 
aeration  of  the  blood  in  this  class  is  provided-for,  not  by  the  trans- 
mission of  the  fluid  to  any  special  organ  representing  the  bo/'/ 
of  a Vertebrated  animal  (§  692)  or  the  gill  of  a Mollusk  (§  586),  but 
by  the  introduction  of  air  into  every  part  of  the  body,  through  a 
system  of  minutely-distributed  trachea;  or  air-tubes,  which  pent;- 
trate  even  the  smallest  and  most  delicate  organs.  Thus,  as  wo 
have  seen,  they  pass  into  the  haustellium  or  ‘ proboscis’  of  the 
Butterfly  (§  630),  and  they  are  minutelj''  distributed  in  the  elon- 
gated labium  or  ‘ tongue’  of  the  Fly  (Fig.  428).  Their  general  dis- 
tribution is  shown  in  Fig.  431 ; where  we  see  two  long  trunks  (/’) 
passing  from  one  end  of  the  body  to  the  other,  and  connected  mtli 
each  other  by  a transverse  canal  in  eveiy  segment ; these  trunks 
communicate,  on  the  one  hand,  by  short  wide  passages,  with  the 
‘ stigmata,’  ‘ spiracles,’  or  ‘breathing  pores’  (y),  through  which  the- 
air  enters  and  is  discharged  ; wliilst  they  give  off  branches  to  the 
different  segments,  which  divide  again  and  again  into  ramiiica- 
tious  of  extreme  minuteness.  They  usually  communicate  also  witli 
a pair  of  air-sacs  {h)  wliich  is  situated  in  the  thorax ; but  the 
size  of  these  (which  are  only  found  in  the  perfect  Insect,  no  trace 
of  them  existing  in  the  larvm)  varies  greatly  in  different  tribes, 
being  usually  greatest  in  those  insects  which  (Hke  the  Bee)  can 
sustain  the  longest  and  most  powerful  flight,  and  least  in  such  as 
habitually  live  upon  the  ground  or  u]ion  the  surface  of  the  water. 

'I'lie  structure  of  the  air-tubes  reminds  us  of  that  of  the  ‘ spiral 
vessels’  of  I’lants,  which  seem  destined  (in  jiart  at  least)  to  per- 
fonn  a similar  office  (§  362) ; for  mthin  the  membrane  that  forms 
their  outer  wall,  an  elastic  fibre  winds  round  and  rouiul,  so  as  ti» 
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form  a spiral  closely  resembling  in  its  position  and  functions  the 


inembranous  wall  to  the 
air-tubes,  so  that  the 
. spire  winds  between 
their  inner  and  outer 
coats. — When  a portion 
of  one  of  the  great 
trunks  with  some  of 
the  principal  branches 
of  the  tracheal  system 
has  been  dissected-out, 
and  so  pressed  in  mount- 
ing that  the  sides  of 
the  tubes  are  flattened 
against  each  other  (as 
has  _ happened  in  the 
specimen  rejjresented  in 
Fig.432),the  spire  forms 
two  layers  which  are 
brought  into  close  appo- 
sition ; and  a very  beau- 
tiful appearance,  re- 
semb^gthatof  watered 
silk,  is  produced  by  the 
crossing  of  the  two  sets 
of  flbres,  of  which  one 
overlies  the  other.  That 
this  appearance,  how- 
ever, is  altogether  an 
optical  illusion,  may  bo 
easily  demonstrated  by 
carefully  following  the 
course  of  any  one  of  the 
iibres,  wliich  will  be 
found  to  be  perfectly  re- 
gular. 


Fig.  431. 


635.  The 


‘ stigmata’ 


or  _ ‘ spiracles’  through 
which  the  air  enters  the 
tracheal  system,  are  ge- 
nerally visible  on  the 


Tracheal  system  of  ("Wafer-scorpiou): — 

a.  head;  b,  first  pair  of  legs;  c,  first  segment 
of  thorax ; rf,  second  pair  of  wings  ; e,  second 
]ia,ir  of  legs ; ,/J  tracheal  trunk ; </,  one  of  the 
stigmata ; h,  air-sac. 


nor  of  the  body  of  the  insect  (esjiecially  on  the  abdominal  seg- 
1 ^ sene.sof  pores  along  each  margin  oftheunder  surface.  In 

•+Vi°  nearly  every  segment  is  provided  with  a pair  : but  in 

psect  several  of  them  remain  closed,  especially  in  the 
oracic  region,  so  that  their  number  is  often  considerably  reduced, 
c s ructure  of  the  sjiiracles  varies  greatly  in  regard  to  com2)le.vity 
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m different  insects;  and  even  where  the  general  plan  is  the 
same,  the  details  of  conformation  arc  peculiar,  so  that  perhaps  in 

scarcely  any  two  species 
are  they  alike.  Generally 
speaking  they  are  furnished 
Avdth  some  kind  of  sieve  at 
their  entrance,  by  which 
particles  of  dust,  soot,  &c., 
which  woidd  othei’wise  enter 
the  air-passages,  are  filtered 
out ; and  this  sieve  may 
be  formed  by  the  inter- 
lacement of  the  branches 
of  minute  arborescent 
gi’owths  fi’om  the  border  of 
the  sjiiracle,  as  in  the  com- 
mon Fly  (Fig.  433),  or  in 
the  Fytiscus ; or  it  may  be 
a membrane  j)erf  orated  with 
minute  holes,  and  supported 
upon  a framework  of  bars 
that  is  jirolonged  in  hke 
manner  from  the  thickened 
Portion  of  a large  Tracliea  of  with  margin  of  the  aperture 

some  of  its  principal  branches.  (Fig'-  434),  as  in  the  larva 

of  the  Melolontha  (Cock- 
chafer). ISTot  nnfrequently,  the  centre  of  the  aperture  is  occupied 
by  an  impervious  disk,  from  which  radii  proceed  to  its  margin,  as 


Fig.  4'i3. 


Spiiacle  of  Common  F/y. 


is  well  seen  in  the  spiracle  of  Tijmla  (Crane-fly). — In  those  aquatic 
Larvas  which  breathe  air,  we  often  find  one  of  the  spiracles  of  the 
last  segment  of  the  abdomen  prolonged  into  a tube,  the  mouth  of 
which  remains  at  the  surface  while  the  body  is  immersed ; the 
larvm  of  the  Gnat  tribe  may  frequently  be  observed  in  this  position. 


TliACllE.E  AND  SPIRACLES. 
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G36  There  arc  many  aquatic  I.arvm,  however,  which  have  an 
<mtirely-difiei-ent  provision  for  respiration;  being  furnished  with 
external  leaf-like  or  brush-like 
appendages  into  which  the  tra-  Fig.  434. 

die®  are  prolonged,  so  that,  by 
absorbing  air  from  the  water 
that  bathes  them,  they  may  con- 
vey this  into  the  intenor  of  the 
l)ody.  We  cannot  have  a better 
example  of  this  than  is  afforded 
by  the  larva  of  the  common 
Ephemera  (Day-fly),  the  body  of 
which  is  furnished  with  a set  of 
branchial  appendages  resem- 
bling the  ‘ fin-feet’  of  Branchio- 
jiods  (§  603),  whilst  the  three- 
pronged tail  also  is  fi-inged  with 
clusters  of  delicate  hairs  which 
appear  to  minister  to  the  same 
function.  In  the  larva  of  the  Llhellula  (Dragon-fly),  the  exten- 

aquatic  respiration  takes-place  within 
the  termination  of  the  intestine  ; the  lining  membrane  of  which  is 
folded  into  an  immense  nnmber  of  jilaits,  each  containing  a minutely 
lamified  system  of  trache®  ; the  water,  slowly  drawn -in  throus-h 

surface,  is  ejected  with  such  violence 
that  the  body  is  impelled  in  the  opposite  direction ; and  the  air 
taken-up  by  its  trache®  is  carried,  through  the  system  of  air-tubes 
qt  which  they  foi-m  jiart,  into  the  remotest  organs.  This  aiiparatus 
IS  a pecuharly  interesting  object  for  the  Microscope,  on  account  of 
the  extraordinary  copiousness  of  the  distribution  of  the  trache®  in 
the  intestinal  folds. 


Spiracle  of  Larva  of  Cockchafei 


63/.  The  niain  tmnks  of  the  tracheal  system,  with  their  iirin- 
cipal  ramifications,  may  generally  be  got- out  with  httle  difficulty, 
1^  laying-oiien  the  body  of  an  Insect  or  Larya  under  water  in  a 
Dissecting-trough  (§  180),  and  removing  the  whole  visceral  mass, 
tamng  care  to  leave^  as  many  as  possible  of  the  branches  which 
Avill  be  seen  proceeding  to  this  from  the  two  great  longitudinal 
trac^®,  to  whose  position  these  branches  will  serve  as  a guide, 
lir.  Quekett  recommends  the  following  as  the  most  simple  method 
ot  obtaining  a perfect  system  of  tracheal  tubes  from  a larva : — a 
small  opening  having  been  made  in  its  body,  this  is  to  be  placed  in 
strong  acetic  acid,  which  ivill  soften  or  decompose  all  the  viscera; 
and  the  trache®  may  then  be  well-washed  with  the  syringe,  and 
removed  from  the  body  with  the  greatest  facility,  by  cutting  away 
the  connections  of  the  main  tubes  with  the  siiiracles  by  means  of 
nne  pointed  scissors.  In  order  to  mount  them,  they  should  be 
floated  upon  the  slide,  on  which  they  should  then  be  laid-out  in 
the  position  liest  adapted  for  displaying  them.  If  they  are  to  bo 
mounted  in  Canada  balsam,  they  should  be  allowed  to  dry  u])on 
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the  slide,  and  should  then  be  treated  in  the  usual  v/ay  ; lint  their 
natural  aiDpearance  is  best  preserved  by  mounting  them  in  fluid 
(weak  spirit  or  Goadby’s  solution),  using  a shallow  cell  to  prevent 
pressure.  The  finer  ramifications  of  the  tracheal  system  may 
generally  be  seen  particularly  well  in  the  membranous  wall  of  the 
stomach  or  intestine ; and  this,  having  been  laid-out  and  dried 
upon  the  glass,  may  be  mounted  in  balsam  so  as  to  keep  the 
trachem  full  of  air  (whereby  they  are  much  better  displayed),  if 
caie  be  taken  to  use  balsam  that  has  been  j^reviously  thickened  to 
drop  this  on  the  object  without  liquefying  it  more  than  is  abso- 
lutely necessary,  and  to  heat  the  slide  and  the  cover  (the  heat 
may  be  advantageously  applied  directly  to  the  cover,  after  it  ha.s 
been  put-on,  by  turning-over  the  slide  so  that  its  upper  face  shall 
look  downward)  only  to  such  a degree  as  to  allow  the  balsam  to 
spread  and  the  cover  to  be  iiressed-dowTi. — The  spiracles  are  easily 
dissected-out  by  means  of  a pointed  knife  or  a pair  of  fine  scissors ; 
they  should  be  mounted  in  glycerine-jelly  when  their  texture  is  soft’ 
and  in  balsam  when  the  integument  is  hard  and  horny. 

638.  TI"iwys. — These  organs  are  essentially  composed  of  an  ex- 
tension of  the  external  membranous  layer  of  the  integument,  over 
a framework  formed  by  prolongations  of  the  inner  horny  layer, 
within  which  prolongations  trachege  are  nearly  always  to  be  found, 
whilst  they  also  include  channels  through  which  blood  circulates 
during  the  growth  of  the  wing  and  for  a short  time  after  its  com- 
pletion (§  633).  This  is  the  simple  structure  presented  to  us  in  the 
Wings  of  Neuroptera  (Dragon-flies,  &c.),  Hymenoptera  (Bees  and 
Wpps),  Diptera  (two-winged-Flies),  and  also  of  many  Homoptem 
(Cicadse  and  Apliides) ; and  the  principal  interest  of  these  wings 
as  Microscopic  objects  lies  in  the  distribution  of  their  ‘ veins’  or 
‘ nervures’  (for  by  both  names  are  the  ramifications  of  their  skeleton 
known),  and  in  certain  points  of  accessory  structure.  The  vena- 
tion of  the  wings  is  most  beautiful  in  the  smaller  Neuroptera ; 
since  it  is  tlie  distinguishing  feature  of  this  order  that  the  veins, 
after  subdividing,  reunite  again,  so  as  to  form  a close  network ; 
whilst  in  the  Hymenoptera  and  Diptera  such  reunions  are  rare, 
especially  towards  the  margin  of  the  wings,  and  the  areolae  are 
much  larger.  Although  the  membrane  of  which  these  wings  are 
composed  appears  perfectly  homogeneous  when  viewed  by  trans- 
mitted light,  even  with  a high  magnifying  i^ower,  yet,  when  viewed 
l)y  light  reflected  obliquely  from  their  surfaces,  an  aj>pearance  of 
cellular  areolation  is  often  discernible ; this  is  well  seen  in  the 
common  Fly,  in  which  each  of  these  areolm  has  a hair  in  its  centre. 
In  order  to  make  this  observation,  as  well  as  to  bring-out  the  very 
beautiful  iridescent  hues  which  the  wings  of  many  minute  Insects 
(as  the  Aphides)  exhibit  when  thus  -sdewed,  it  is  convenient  to  liold 
the  wing  in  the  Stage-forceps  for  the  sake  of  giving  it  every  variety 
of  inclination  ; and  when  that  position  has  been  found  which  best 
displays  its  most  interesting  features,  it  should  be  set  up  as  nearly 
as  possible  in  the  same.  For  this  purjjose  it  should  be  mounted 
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ou  au  opaque  slkle  ; but  instead  of  being  laid  down  upon  its  sur- 
lace,  tbe  wing  should  be  raised  a little  above  it,  its  ‘ stalk’ being- 
held  111  the  proper  position  by  a little  cone  of  soft  wax,  in  the  apex 
ot  which  it  niay  be  imbedded. — The  wings  of  most  Hymenoptera 
are  remarkable  for  the  peculiar  apparatus  by  wliich  those  of  the 
same  side  are  connected  together,  so  as  to  constitute  in  flight  but 
one  large  wing;  this  consists  of  a row  of  curved  hooklets°ou  the 
anterioi-  margin  of  the  posterior  wing,  which  lay  hold  of  the 
thickened  and  doubled-down  posterior  edge  of  the  anterior  wino- 
ihese  booklets  are  sufficiently  apparent  in  the  wings  of  the  com- 
mon hce,  when  examined  with  even  a low  magnifying  power  • but 
they  are  seen  better  in  the  Was^),  and  better  still ‘in  the  Hornet  — 
Ihe  peciihar  scaly  covering  of  the  wings  of  the  Lepidoptera  has 
alr^eaay  been  noticed  (§  bl9) ; but  it  may  here  be  added  that  the 
entire  -wmgs  of  many  of  the  smaller  and  commoner  insects  of  this 
order,  such  as  the  Tmcidcc  or  ‘ clothes-moths,’  form  very  beautiful 
opaque  objects  for  .low  powers  ; the  most  beautiful  of  all  beino-  the 
divided  ^gs  of  the  Fissipennes  or  ‘plumed  moths,’  especially 
those  or  the  genus  Pterophorus. 

639.  There  are  many  Insects,  however,  in  which  the  Wings  are 
more  or  less  consolidated  by  the  interposition  of  a layer  of  horny 
.substance  between  the  two  layers  of  membrane.  This  plan  of 
structure  is  most  fully  carried-out  in  the  GoleoiJtera  (Beetles), 
whose  ^anterior  wings  are  metamorphosed  into  elytra  or  ‘wino-. 
cases ; and  it  is  upon  these  that  the  brilliant  hues  by  which  the 

these  insects  is  distinguished,  are  most 
stnkingly  displayed.  In  the  anterior  wings  of  the  Forfi.culida)  or 
(which  form  the  connecting  link  between  this  order 
and  the  Orthoptera),  the  cellular  structure  may  often  be  readily 
distinpiished  when  they  are  viewed  by  transmitted  light,  especially 
r Av  mounted  in  Canada  balsam.  The  anterior  wings 

01  the  Oi  thopterci  (Grasshopj^ers,  Crickets,  &c.),  although  not  by 
any  means  so  solidified  as  those  of  Coleoptera,  contain  a good  deal 
ot  horny  matter ; they  are  usually  rendered  sufficiently  trans- 
paient,  howeyer,  by  Canada  balsam,  to  be  viewed  with  transmitted 
liglit;  and  many  of  them  are  so  coloured  as  to  be  very  showy 
objects  (as  are  also  the  posterior  fan-like  wings)  for  the 'Electric 
01  tras-microscope,  although  their  large  size,  and  tbe  absence  of 
any  minute^  structure,  prevent  them  from  affording  much  interest 
to  the  or^nary_  Microscopist.— We  must  not  omit  to  mention, 
however,  the  curious  Sound-producing  apparatus  which  is  possessed 
by  most  insects  of  this  order,  and  especially  by  the  common  Honse- 
cricket.  I his  consists  of  the  ‘ tympanum’  or  drum,  which  is  a 
space  on  each  of  the  upper  wings,  scarcely  crossed  by  veins,  but 
bounded  externally  by  a large  dark  yein  provided  with  three  or 
four  longitudinal  ridges ; and  of  the  ‘ file’  or  ‘ bow,’  which  is  a 
transverse  horny  ridge  in  front  of  the  tympanum,  furnished  with 
numerous  teeth  : and  it  is  believed  that  the  sound  is  produced  by 
the  rubbing  of  the  two  bows  across  each  other,  while  its  intensity 
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is_  increased  l)y  the  sound-board  action  of  the  tympanum.— 'I.'hc 
Avings  of  the  Fidjjorulte  (Lantern-flies)  have  much  the  same  texture 
with  those  of  the  Orthoptera,  and  possess  about  the  same  value  as 
Microscopic  objects  ; differing  considerably  from  the  purely  mem- 
branous wings  of  the  Cicadas  and  Aphides,  Avhich  are  associated 
with  them  in  the  order  Ilomoptera.  In  the  order  Jlemiptera,  to 
wliich  belong  various  kinds  of  land  and  water  Insects  that  have  a 
suctorial  mouth  resembling  that  of  the  common  hu(j,  the  Avings  of 
the  anterior  pair  are  _ usually  of  parchmenty  consistence,  though 
membranous  near  their  tips,  and  are  often  so  richly  coloured  as  to 
become  very  beautiful  objects,  when  mounted  in  Balsam  and 
viewed  by  transmitted  light ; this  is  the  case  especially  Avdth  the 
terrestrial  vegetable-feeding  kinds,  such  as  the  Fentatoma  and  its 
allies,  some  of  the  tropical  forms  of  which  rival  the  most  brilliant 
of  the  Beetles.  The  British  species  are  by  no  means  so  interesting; 
and  the  aquatic  kinds,  which,  next  to  the  bed-bugs,  are  the  most 
common,  always  have  a dull  brown  or  almost  black  hue : even 
amoug  these  last,  however, — of  which  the  Nofonecta  (water-boat- 
man) and  the  Ncpa  (Avater-scoiqoion)  are  well-known  examples, — the 
wings  are  beautifully  variegated  by  differences  in  the  depth  of  that 
hue.  The  lialteres  of  the  Diptera,  which  are  the  representatives  of 
the  posterior  wings,  have  been  shown  by  Dr.  J.  B.  Hicks  to  present 
a very  curious  structure,  wliich  is  found  also  in  the  elytra  of 
Coleoptera  and  in  many  other  situations;  consisting  in  a multitude 
of  vesicular  projections  of  the  superficial  membrane,  to  each  of 
Avhich  there  proceeds  a ner\'Ous  filament,  that  comes  to  it  through 
an  aperture  in  the  tegumentary  wall  on  which  it  is  seated.  Yarions 
considerations  are  stated  by  Dr.  Hicks,  which  lead  him  to  the 
belief  that  this  apparatus,  when  developed  in  the  neighbourhood 
of  the  spiracles  or  breathing-pores,  essentially  ministers  to  the  sense 
of  smell,  whilst,  when  developed  upon  the  p>alpi  and  other  organs  in 
the  neighbourhood  of  the  mouth, it  ministers  to  the  sense  of. taste* 
640.  Feet. — Although  the  feet  of  Insects  are  formed  pretty 
much  on  one  general  plan,  yet  that  plan  is  subject  to  considerable 
modifications,  in  accordance  with  the  habits  of  life  of  different 
species.  The  entire  limb  usually  consists  of  five  divisions,  namely 
the  coxa  or  hip,  the  trochanter,  the  femur  or  thigh,  the  iihia  or 
shank,  and  the  tarsus  or  foot ; and  tliis  last  pari  is  made  uj)  of 
several  successive  joints.  The  tyjDical  number  of  these  joints 
seems  to  he  five ; but  that  number  is  subject  to  reduction  ; and  the 
vast  order  Coleoptera  is  subdiAuded  into  primary  groups,  accord- 
ing as  the  tarsus  consists  of  fi.ve,  four,  or  three  segments.  Tlie 
last  joint  of  the  tarsus  is  usually  furnished  AAuth  a jAair  of  strong 
liooks  or  claAvs  (Figs.  435,  436) ; and  these  are  often  serrated 

♦ See  his  Memoir  ‘ On  a ueAv  Organ  in  Insects,’  in  “ Journal  of  Liunaraa 
Society,”  Vol.  i.  (18oG),  p.  136  ; liis  ‘ Further  Hemarks  on  the  Organs  found  I'li 
the  bases  of  tho  ITalteres  and  Wings  of  Insects,’  in  “Trans,  of  tlie  Li)iii. 
Society.”  Vol.  xxii.,  p.  141 ; and  his  Memoir  ‘ On  ccri.ain  Sensory  Organs  in  In- 
sects, hitherto  uiulescribed,’  in  “ Trans,  of  Linn.  Soc.,”  Vol.  xxiii.,  p.  183. 
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(that  is,  fiirnished  with  saw-like  teethl  i 

I'he  under-surface  of  the  other  joints  is  frequently  besS  with  tSts 
of  hairs,  which  are  arranged  in  various  modes  somp+impa 

a complete  ■eole;-  this  fs  especially  the 

mlwmdcv;  so  that  a pair  of  the  feet  of  the  ‘diamond-beet^ 
mounted  so  that  one  shows  the  upper  surface  made  resplendent  bv 
. its  jewel-like  scales,  and  the  other  the  hairy  cushion  beneath  is  n 
very  mteresting  object.  In  many  Insectsf especially  of  the  Fly 
kind,  the  foot  is  furnished  with  a pair  of  membranous 
Wed  pnlvilU  (Fig.  435);  and  'these  are  beSt 
hairs,  each_  of  which  has  a minute  cHsk  at  its  extremity.  This 
structure  is  evidently 


Fig.  435. 


I 

if 

f 


is 

connected  with ' the 
power  which  these  In- 
• sects  possess  of  walking 
■ over  smooth  surfaces  in 
opjjosition  to  the  force 
■of  gravity;  yet  there  is 
> still  considerable  uncer- 
ttainty^  as  to  the  precise 
imode  in  which  it  minis- 
tters  to  tliis  faculty. 

•sSome  believe  that  the 
•disks  act  as  suckers,  the 
1 Insect  being  held-up  by 
the  pressure  of  the  air 
igainst  their  upper  sur- 
tace,  when  a vacuum  is 
prmed  beneath ; whilst 
|§))thers  ■ maintain  that 
■he  adhesion  is  the 
•esult  of  the  secretion 

)f  a viscid  liqnid  from  the  under  side  of  the  foot.  The  careful 
bseiwations  of  Mr.  Hepworth  have  led  him  to  a conclusion 
duch  seems  in  hamiony  with  all  the  facts  of  the  case— namely, 
hat  each  hair  is  a,  tube  conveying  a liquid  from  a glandular 
f::acculus  situated  in  the  tarsus ; and  that  when  the  disk  is 
:pplied  to  a surface,  the  pouring-forth  of  this  liquid  serves  to  make 
: ts  adhesion  perfect.  That  this  adhesion  is  not  produced  by  atmo- 
; phene  pressure  alone,  is  proved  by  the  fact  that  the  feet  of  Mies 
B ■ ontinue  to  hold-on  to  the  interior  of  an  exhausted  receiver ; whilst, 

! n_  the  other  hand,  that  the  feet  pour-forth  a secreted  fluid,  is 
' videnced  by  the  marks  left  by  their  attachment  on  a clean  surface 
I '-t  glass.  Although,  when  all  the  hairs  have  the  strain  put  upon 
t them  equally,  the  adhesion  of  their  disks  suffices  to  support  the 
isept,  yet  each  row  may  be  detached  sej^arately  by  the  gradual 
aiisin"  of  the  tarsus  and  pulvilli,  as  when  we  remove  a piece  of 
dhesive  plaster  by  lifting  it  from  the  edge  or  corner.  Flies  are 
i’ten  found  adherent  to  window-pa.nesin  the  autumn,  their  reduced 

3 c 
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strength  not  being  sufficient  to  enable  them  to  detach  their  tarsi.* 
—A  similar  apparatus  on  a far  larger  scale,  presents  itself  on  the 
loot  of  the  Dyiiscus  (Fig.  436,  a).  The  first  joints  of  the  tarsus  of 
this  insect  are  widely  expanded,  so  as  to  form  a nearly-circular 

Fig.  43G. 


A,  Foot  of  JJytiscus,  showing  its  apparatus  of  suckers ; a,  0, 
large  suckers  ; c,  ordinary  suckers : — B,  one  of  the  ordinary 
suckers  more  highly  magnified. 


plate : and  this  is  provided  with  a very  remarhable  apparatus  of 
suckers,  of  which  one  disk  {a)  is  extremely  large,  and  is  furnished 
with  strong  radiating  fibres,  a second  (6)  is  a smaller  one  formed 
on  the  same  plan  (a  third,  of  the  like  kind,  being  often  present), 
wliilst  the  greater  number  are  comparatively  small  tubular  club- 
shaped  bodies,  each  having  a very  delicate  membranous  sucker  at 
its  extremity,  as  shown  on  a larger  scale  at  B.  These  all  have  essen- 
tially the  same  structure ; the  large  suckers  being  furnished,  hke 
the  hairs  of  the  Fly’s  foot,  with  secreting  sacculi,  which  pour-forth 
fluid  through  the  tubular  footstalks  that  carry  the  disks,  whose 
adhesion  is  thus  secured ; whilst  the  small  suckers  form  the  con- 
necting link  between  the  larger  suckers  and  the  hah's  of  many 
beetles,  especially  GurcidionidcB.-\  The  leg  and  foot  of  the  Dytiscas. 
if  mounted  without  compression,  furnish  a j)eculiarly  beautiful 

* See  Mr.  Hepworth’s  communications  to  tlie  “Quart.  Joirrn.  of  Microsc. 
Science,”  Vol.  ii.  (1864),  p.  158,  and  Vol.  iii.  (1855),  p.  312.  See  also  Mr.  Tuffcu 
West’s  Memoir  ‘ On  the  Foot  of  flie  Fly,’  in  “ Transact,  of  Liunjcan  Society, 
Vol.  xxii.  p.  393,  and  Mr.  Lowue’s  “Anatomy  of  the  Blow-fly,”  p.  19. 

j See  Mr.  Lowne  ‘ On  the  so-called  Suckers  of  Dytiscus  and  the  Pulvilli  of 
Insects,’  in  “Jlonthly  Microscopical  Journal,”  Vol.  v.,  p.  267. 
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object  foi-  the  Binocular  Microscone Tbp  T?po-(-  n 4.  -n 

«irciUar  series  of  comparatively  slender  ciirl'ed  liooklets’’ w'^vhLh 
:the  Cateip.  lar  is  enabled  to  cling  to  the  minute  rSuesse^s  of  Ihe 
suiface  oi  the  leaves,  &c.,  on  which  it  feeds  'I'bis!  arvnr.+  • n 
.seen  in  the  prodegs  of  th^  common  SilkwoL 

.segment  of  the  abdomen  into  i peeni  Lrofsarwh  ehtn  one 

Uall-flies,  Ichncnmon-flies,  &c.  These  two  sets  of 
in  stn,etnre,as  they  are  in  taneton 
L 7i  1 4.  f usually  formed  of  a pair  of  darts  beset  witli 
• aibed  teeth  at  their  points,  and  furnished  at  their  roots  with 
^•lowerful  muscles  whereby  they  can  be  caused  to  proiect  W 

7hrint™;nS^^^^^  Prolongation  of 

■eT.Pve,f!^  11  ^ segment,  slit  into  two  halves,  which 

'Xom’of  the  sting;  wliilst  the  peculiar 

^4-’  £ • fitiiig  IS  due  to  the  ejectiou,  by  tlie  same  muscul'ir 

ih^sw  wl'S™.?  ‘-“t  oi 

> o as  t.T  be  in.f f I ■ excavated  between  the  darts. 

ifL  inserted  into  the  puncture  which  they  make  The 

X°  hhstr??™  Bee  Wasp,  and  Hoi-net,  may  aK  mad^to 
'?r  ‘ mSiosi  W "^1  difficulty  in  the  cUssection.- 

^oo?K-l  5 ^ such  insects  as  deposit  their  eggs  in  holes 

'ase^with  thp^  t)  vegetable  substances  (as  is  the 

hclosed^lffip  IS  simply  a long  tube,  which  is 

7wL  tL  P / Gall-flies 

■Uo  St  of  the  ovipositor  has  a toothed  edge,  so 

•aSd^^nml  tl^  whereby  harder  substances  may  be  pene- 

L'^ir  is  den^hprl^®®  infested  by  the  particular  species,  in  which  the 
'ntSin?  pff?^  ^ ‘ii'op  of  fluid  that  has  a peculiarly 

mBn^  ?p  !r  4 the  vegetable  tissues,  occasioning  the  pro- 
» new  growths  that  serve  not  ^nly 

m W 1 I flrit  also  to  afford  them  nutriment.  The  oak 

?n  species  of  these  Insects,  which  deposit  their 

Iffipb  P7^«  of  its  fabric  ; and  some  of  the  sniall  ‘galls  ’ 

.-mplv  b!  ^®"°'\’'Pon  the  surface  of  oak-leaves,  are  ex- 

, :Sf; .ohjects  for  the  lower  powers  of  the  Microscope. 

. T’  ‘7^^^;flios,’  and  in  their  allies  the Siricidce, 

^ furnished  with  a still  more  powerful  apparatus  for 
nctiation,  by  means  of  which  some  of  these  Insects  can  bore 
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into  hard  timber.  This  consists  of  a pair  of  ‘ saws’  which  are  uot 
nnlike  the  ‘ stings’  of  Bees,  &c.,  but  are  broader,  and  toothed  for  a- 
greater  length,  and  are  made  to  shde  along  a firm  piece  that 
supports  each  blade,  like  the  ‘ back’  of  a carpenter’s  ‘ tenon-saw 
they  are  worked  alternately  (one  being  protruded  while  the  other  is 
drawn  back)  with  great  rapidity  ; but,  when  not  in  use,  they  lie  in 
a fissure  beneath  a sort  of  arch  formed  by  the  terminal  segment  of 
the  body.  When  a slit  has  been  made  by  the  working  of  the  saws, 
they  are  withdrawn  into  this  sheath ; the  ovipositor  is  then  pro- 
truded from  the  end  of  the  abdomen  (the  body  of  the  insect  being 
curved  downwards) ; and,  being  guided  into  the  sht  by  a pair  ol‘ 
small  hairy  feelers,  there  deposits  an  egg* — Many  other  insects, 
especially  of  the  order  DLffera,  have  very  prolonged  ovipositors,  by 
means  of  winch  they  can  insert  their  eggs  into  the  integuments  of 
animals,  or  into  other  situations  in  which  the  larva)  will  obtain 
aj)propriate  nutriment.  A remarkable  example  of  this  is  furnished 
b}|^  the  Gad-fly  (Tahanus) , whose  ovipositor  is  composed  of  several 
joints,  capable  of  being  (drawn  together  or  extended  like  those  of  a 
telescope,  and  is  terminated  by  boring  instruments ; and  the  egg 
being  conveyed  by  its  means,  not  only  into  but  tlirourih  the  integu- 
ment of  the  Ox,  so  as  to  be  imbedded  in  the  tissue  beneath,  a peculiar 
kind  of  inflammation  is  set-up  there,  which  (as  in  the  analogous 
case  of  the  gall-fly)  forms  a nidus  aj)propriate  both  to  the  pro- 
tection and  to  the  nutrition  of  the  larva.  Other  insects  which 
deposit  their  eggs  in  the  ground,  such  as  the  Locusts,  have  their 
ovipositors  so  shaped  as  to  answer  for  digging  holes  for  their 
reception. — The  preparations  which  serve  to  (iisj)lay  the  foregoing 
parts,  ai’e  best  seen  when  mounted  in  Balsam ; save  in  the  case  of 
the  muscles  and  poison-apparatus  of  the  sting,  which  are  better 
preserved  in  fluid  or  in  glycerine- jelly. 

642.  The  Sexual  organs  of  Insects  furnish  numerous  objects  of 
extreme  interest  to  the  Anatomist  and  Physiologist ; but  as  an 
account  of  them  would  be  unsuitable  to  the  present  work,  a refe- 
rence to  a copious  source  of  information  respecting  one  of  their 
most  curious  features,  and  to  a list  of  the  sj^ecies  that  afford  good 
illustrations,  must  here  sufiice.t — The  eggs  of  many  Insects  are 
objects  of  great  beauty,  on  account  of  the  regularity  of  their  form, 
and  the  symmetry  of  the  markings  on  their  surface  (Pig.  437). 
The  most  interesting  belong  for  the  most  part  to  the  order 

* The  above  is  the  acconut  of  tlio  process  given  bj' Mr.  J.  W.  Goocii;  'vlio 
has  infonned  tlie  Author  that  he  lias  repeatedly  verified  the  statement  formerly 
made  by  him  (“  Science  Gossip,”  Feb.  1,  1873),  that  the  eggs  are  deposited, 
not  as  originally  stated  by  Eoanmur,  by  means  of  a tube  formed  b}'  the  co- 
aptation of  the  saws,  but  through  a separate  ovipositor,  protruded  when  the 
saws  have  been  withdrawn. 

t See  the  Memoirs  of  M.  Lacazo-Duthiers,  ‘Sur  Tarmure  gcuitalo  des  lu- 
.soctc8,’iii  “ Ann.  des  Sci.  .Nat.,”  S(5r.  3,  Zool.,  Tomes  xii..  xiv.,  xvii.,  xviii.. 
xix. ; and  M.  Ch.  Robin’s  “Mdmoire  sur  les  Objets  qui  pcuvent  etre  conservi's 
cn  rrdparations  Micruscopiquc.s’’  (Paris,  183G),  which  is  peculiarly  full  in  ll  o 
enumeration  of  the  objects  of  interest  afforded  by  the  Class  of  Insects. 
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Lepidoptera;  and  there  are  few  among  these  that  are  not  worth  ex- 
amination, some  of  the  commonest  (such  as  those  of  the  Cabbao-e 
butterfly,  which  are  found  covering  large  patches  of  the  leaves  of 
tliat  plant)  being  as  remarkable  as  any.  Those  of  the  Puss-moth 
{Gerum  vinula),  the  Privet  hawk-moth  {Sphinx  ligustri),  the  small 
Toi-toiseshell  butterfly  ( Fujicssu  uHicce),  the  Meadow-brown  butter- 
fly {Hipparchia  janira),  the  Biimstone-moth  {Riomia  cratcegata), 
and  the  Silkworm  {Bornhyx  mori),  may  be  particularly  specified  ; 
and  from  other  orders,  those  of  the  Cockroach  {Blatta  orientalis), 
Field  cricket  {Acheta  campestris),  Water-scorpion  {Nepa  ranatra), 
Bug  (Cimex  lectularius),  Cow-dung-fly  {Scatophaga  stcrcoraria). 

Fir.  4. "7. 


A.  B C 


Eggs  of  Insects,  magnified  A,  Pontianapi;  n,  Vavessa  urticce ; 
C,  Hipparchia  tithoits;  n,  Arpijnnis  Luthonia. 


and  Blow- fly  (Masca  vomi^oria).  In  order  to  preserve  these  eggs, 
they  should  be  mounted  in  fluid  in  a cell ; since  they  will  otherwise 
dry  up  and  may  lose  their  shape. — They  are  very  good  objects  for 
the  ‘conversion  of  relief’  effected  by  Hachet’s  Stereo-pseudoscopic 
Binocular  (§  38). 

643.  The  remarkable  mode  of  Reproduction  that  exists  among 
the  Aphides  must  not  pass  unnoticed  here,  from  its  curious  connec- 
tion with  the  non-sexual  reproduction  of  Entomostraca  (§  609)  and 
liotifera  (§  451),  as  also  of  Hydra  (§  515)  and  Zoophytes  generally  ; 
all  of  wMch  fall  specially,  most  of  them  exclusively,  under  the 
observation  of  the  Microscopist.  The  Aphides  which  may  be  seen 
in  the  spring  and  early  summer,  and  which  are  commonly  but  not 
always  wingless,  are  all  of  one  sex,  and  give  birth  to  a brood  of 
similar  Aphides,  which  come  into  the  world  alive,  and  before  long 
go  through  a Hke  process  of  multiplication.  As  many  as  from 
seven  to  ten  successive  broods  may  thus  be  produced  in  the  course 
of  a single  season ; so  that  from  a single  Aphis,  it  has  been  cal- 
culated that  no  fewer  than  ten  thousand  million  millions  may  be 
^ evolved  within  that  period.  In  the  latter  part  of  the  year,  however, 
some  of  these  viviparous  Aphides  attain  their  full  development 
into  males  and  females ; and  these  j^erform  the  true  Generative 
])rocess,  whose  products  are  eggs,  which,  when  hatched  in  the 
■succeeding  spring,  give  origin  to  a new  vi'^diiarous  brood  that 
repeat  the  curious  life-history  of  their  predecessors.  It  appears 
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from  tlie  observations  of  Prof.  Hnxley,*  that  the  Ijroods  of 
viviparous  Aphides  originate  in  ova  which  are  not  to  be  dis- 
tinguished from  those  deposited  by  the  perfect  winged  female. 
.^Nevertheless,  this  non-sexual  or  agamic  rejiroduction  must  be  con- 
fudered  analogous  rather  to  the  ‘ gemmation’  of  other  Animals  and 
ilants,  than  to  their  sexual  ‘generation;’  for  it  is  favoured, 
ike  the  gemmation  of  Hydra,  by  warmth  and  copious  sustenance, 
so  that  by  ajiiDropriate  treatment  the  viviparous  reproduction  may 
be  caused  to  continue  (as  it  would  seem)  indefinitely,  without  any 
iecurien.ee  to  the  sexual  process.  Further,  it  seems  now  certain 
that  this  mode  of  reproduction  is  not  at  all  peculiar  to  the  Aphides, 
but  that  many  other  Insects  ordinarily  multiply  by  ‘ agamic’  pro- 
pagation, the  production  of  males  and  the  performance  of  the  true 
generative  act  being  only  occasional  phenomena ; and  the  re- 
searches of  Prof.  Siebold  have  led  him  to  conclude  that  even  in  the 
ordinary  economy  of  the  Hive-bee  the  same  double  mode  of  repro- 
duction occurs.  The  queen,  who  is  the  only  perfect  female  in  the 
hive,  after  impregnation  by  one  of  the  drones  (or  males),  deposits 
eggs  in  the  ‘ royal’  cells,  Avhich  are  in  due  time  developed  into 
young  queens ; others  in  the  drone-cells,  ivhich  become  drones ; 
and  others  in  the  ordinary  cells,  which  become  workers  or  neuters. 
It  has  long  been  known  that  these  last  are  really  undeveloped 
females,  which,  under  certain  conditions,  might  become  queens ; 
and  it  has  been  observed  by  bee-keepers  that  worker-bees,  in  com- 
mon with  virgin  or  unimpregnated  queens,  occasionally  lay  egg.'*, 
from  which  eggs  none  but  drones  are  ever  produced.  Prom  careful 
Microscopic  examination  of  the  drone  eggs  laid  even  by  im- 
pregnated queens,  Siebold  drew  the  conclusion  that  they  have  not 
received  the  fertilizing  influence  of  the  male  fluid,  wliich  is  com- 
municated to  the  queen-eggs  and  worker  eggs  alone  ; so  that  the 
products  of  sexual  generation  are  always  female,  the  males  being 
developed  from  these  by  a process  wliich  is  essentially  one  of 
gemmation. f 

644.  The  Embryonic  Develojimcnt  of  Insects  is  a study  of  peculiar 
interest,  from  the  fact  that  it  may  be  considered  as  divided  (at 
least  in  such  as  undergo  a ‘ complete  metamorphosis’)  into  two 
stages  that  are  separated  by  the  whole  active  life  of  the  larva : 
that,  namely,  by  Avhich  the  Larva  is  produced  within  the  egg,  and 
that  by  wliich  the  Imago  or  perfect  insect  is  produced  within  the 
body  of  the  Pupa.  Various  circumstances  combine,  however,  to 
render  the  study  a very  difficult  one ; so  that  it  is  not  one  to  be 
taken  up  by  the  inexperienced  Microscopist.  The  foUoiving  sum- 
mary of  the  histoiy  of  the  jirocess  in  the  common  Blow-fly,  however, 
will  probably  be  acceptable. — A gastrula  with  two  membranous 
lamellm  (§  391)  having  been  evolved  in  the  first  instance,  the  outer 

* ‘ On  the  Agamic  Eeproduction  and  Morphology  of  Aphis,’  in  “ Tnuis.ict. 
of  Linn.  Soc.,”  Vol.  xxii.,  p.  193. 

t See  Prof.  Siebold’s  Memoir  “ On  true  Parthenogenesis  in  Moths  and  Bees,” 
translated  by  W.  S.  Dallas  : London,  1857. 
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lamella  very  rapidly  shapes  itself  into  the  form  of  the  larva  and 
shows  a well-marked  segmental  division.  The  alimentary  canal  in 
hke  manner,  shapes  itself  from  the  inner  lamella;  at  first  beincf 
straight  and  very  capacious,  including  the  whole  yolk ; hut  gradually 
becoming  narrow  and  tortuous,  as  additional  layers  of  cells  are 
developed  between  the  two  primitive  lamellte,  from  which  the  other 
internal  organs  are  evolved.  When  the  larva  comes  forth  from 
the  egg,  it  still  contains  the  remains  of  the  yolk;  it  soon  beo-ins 
however,  to  feed  voraciously ; and  in  no  long  period  it  growls  to 
many  thousand  times  its  original  weight,  without  making  any  es- 
sential progress  in  development,  but  simjily  accumulating  material 
lor  future  use.  An  adequate  store  of  nutriment  (analogous  to  the 
“ supplemeutal  yolk’  of  Fwjmra,  § 684)  having  thus  been  laid  up 
witluii  the  body  of  the  larva,  it  resumes  (so  to  speak)  its  embryonic 
development,  its  passage  into  the  pupa-  state,  from  which  the  imao-o 
IS  to  come  forth,  involving  a degeneration  of  all  the  larval  tissues  : 
whilst  the  tispes  and  organs  of  the  imago  “ are  re-developed  from 
cells  which  originate  from  the  disintegrated  parts  of  the  larva,  under 
conditions  similar  to  those  aj>pertaining  to  the  formation  of  the 
embryonic  tissues  from  the  yolk.”  The  development  of  the  seg- 
ments of  the  head  and  body  in  Insects  generally  proceeds  from 
the  coiTesponding  larval  segments  ; but,  according  to  Ur.  Weismann, 
there  is  a marked  exception  in  the  case  of  the  Diptera  and  other 
Insects  whose  larv®  are  unfurnished  with  legs, — their  head  and 
thorax  being  newly  formed  from  ‘ imaginal  disks,’  which  adhere 
to  the  nerves  and  trachese  of  the  anterior  extremity  of  the  larva  ;* 
and,  strange  as  this  assertion  may  seem,  it  has  been  confirmed  by 
the  subsequent  investigations  of  Mr.  Lowne. 

_ 645.  Aiiachxida. — The  general  remarks  which  have  been  made 
in  regard  to  Insects,  are  equally  applicable  to  this  Class  ; which 
includes,  along  with  the  Spiders  and  Scorpions,  the  tribe  of  Acarida, 
consisting  of  the  Mites  and  Tides.  Many  of  these  are  parasitic, 
and  are  popularly  associated  with  the  wingless  parasitic  Insects, 
to  which  they  bear  a strong  general  resemblance,  save  in  having 
dght  legs  instead  of  six.  The  true  ‘ mites’  {Acarince)  generally 
have  the^legs  adapted  for  walking,  and  some  of  them  are  of  active 
habits.  The  common  cheese-mite,  as  seen  by  the  naked  eye,  is 
familiar  to  every  one  ; yet  few  who  have  not  seen  it  under  a Micro- 
scope have  any  idea  of  its  real  conformation  and  movements  ; and 
a cluster  of  them,  cut  out  of  the  cheese  they  infest,  and  placed 
under  a magnifying  power  sufficiently  low  to  enable  a large  number 
to  be  seen  at  once,  is  one  of  the  most  amusing  objects  that  can  be 
shown  to  the  young.  There  are  many  other  species,  which  closely 
resemble  the  Cheese-mite  in  structure  and  habits,  but  which  feed 
upon  different  substances ; and  some  of  these  are  extremely  de- 
structive. To  this  group  belongs  a small  species,  the  Sarcoptes 

* See  his  ‘ Entwiokelung  der  Dipteren,’  in  “ Kdlliker  and  Siebold’s  Zeit- 
schrift,”  Bande  xiv.-xvi. ; and  Mr.  Lowue’s  “Anatomy  ol  the  Blow-fly,” 
pp.  6-<),  110-121.  .r  .j, 
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whoec  presence  appears  to  be  the  occasion  of  one  of  the 
most  disgnstmg  diseases  of  the  skin— the  itch— and  which  is  hence 
commonly  termed  the  ‘ itch-insect.’  It  is  not  found  in  the  pustule 
itselt,  but  in  a burrow  which  passes-off  from  one  side  of  it,  and  which 
IS  marked  by  a red  line  on  the  surface  ; and  if  this  burrow  be  care- 
ful ly  examined,  the  creature  will  very  commonly,  but  not  always 
be  met-with.  It  is  scarcely  visible  to  the  naked  eye ; but  wli^n 
examined  under  the  microscope,  it  is  found  to  have  an  oval  body 
a mouth  of  conical  form,  and  eight  feet,  of  which  the  four  anterior 
are  terminated  by  small  suckers,  whilst  the  four  posterior  end  in 
very  prolonged  bristles.  The  male  is  only  about  half  the  size  of 
the  female.  The  Eicinice  or  ‘ticks’  are  usually  destitute  of  eyes, 
but  have  the  mouth  _ jirovided  ivith  lancets,  that  enable  them  to 
penetrate  more  readily  the  skins  of  amimals  whose  blood  they  suck. 
Jdiey  are  usually  of  a flattened,  round,  or  oval  form ; but  they 
often  acquire  a very  large  size  by  suction,  and  become  distended 
like  a blown  bladder.  Different  species  are  parasitic  upon  different 
animals  ; and  they  bury  their  suckers  (which  are  often  furnished 
Avith  minute  recurved  hooks)  so  firmly  in  the  skins  of  these,  that 
they  can  hardly  be  detached  without  pulling  away  the  skin  with 
them.  It  is  probably  the  young  of  a species  of  this  group,  which 
IS  commonly  known  as  the  ‘ harvest-bug,’  and  which  is  usually  de- 
signated as  the  Acarus  autmnnalis ; this  is  very  common  iu  the 
autumn  upon  grass  or  other  herbage,  and  insinuates  itself  into  the 
skin  at  the  roots  of  the  hair,  ]Droducing  a painful  initation ; hke 
other  Acarida,  it  possesses  only  six  legs  for  some  time  after  its 
emersion  from  the  egg  (the  other  pair  being  only  acquired  after  the 
first  moult),  so  that  its  resemblance  to  parasitic  Insects  becomes 
still  stronger.— It  is  probable  that  to  this  group  also  belongs  the 
Demodeds  folliculovuin,  a creature  ivliich  is  very  commonly  found 
parasitic  in  the  sebaceous  folhcles  of  the  Human  skin,  especially  iu 
those  of  the  nose.  In  order  to  obtain  it,  pressure  should  be  made 
upon  any  one  of  these  that  appears  enlarged  and  whitish  with  a 
terminal  black  spot ; the  matter  forced-out  will  consist  principally 
of  the  accumulated  sebaceous  secretion,  having  the  parasites  wit)i 
their  eggs  and  young  mingled  with  it.  These  are  to  be  sejiarated 
by  the  addition  of  oil,  which  will  probably  soften  the  sebaceous 
matter  sufficiently  to  set  free  the  animals,  which  may  be  then 
removed  with  a pointed  brush ; but  if  tliis  mode  should  not  be 
effectual,  the  fatty  matter  may  be  dissolved-away  by  digestion  in  a 
mixture  of  alcohol  and  ether.  The  pustules  in  the  skin  of  a Dog 
affected  with  the  ‘ mange’  were  found  by  Mr.  Topping  to  contain  a 
Demodex,  which  seems  only  to  differ  from  that  of  the  human 
sebaceous  follicles  in  its  somewhat  smaller  size;  and  M.  Gniby  is 
said  to  have  given  to  a dog  a disease  resembling  the  mange,  if  not 
identical  with  it,  by  inoculating  it  with  the  Human  parasite. — The 
Acarida  are  best  preserved,  as  Microscopic  objects,  by  mounting  in 
one  or  other  of  the  ‘ media’  described  in  § 206. 

646.  The  number  of  objects  of  general  interest  furnished  to  the 
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FEET  AND.  SPINNEEETS  OP  SPIDEES. 

Micro^opist  by  the  Spider  tribe,  is  by  no  means  considerable. 
I heir  Eyes  exhibit  a condition  intermediate  between  that  of  Insects 
and  Crustaceans,  and  that  of  Vertebrata;  for  they  are  simple  like 
the  ‘ stemmata’  of  the  former  (§  626),  usually  number  from  six  to 
eight,  are  sometimes  clustered-together  in  one  mass,  though  some- 
times disposed  separately  ; while  they  present  a decided  approach 
in  internal  structure  to  the  type  characteristic  of  the  visual  organs 
of  the  latter.  The  structure  of  the  Mouth  is  always  mandibu*late, 
and  is  less  complicated  than  that  of  the  ‘ mandibulate’  insects.— 
The  Respiratory  apparatus,  which,  where  developed  at  all  amono- 
the  Acarida,  is  tracheary  like  that  of  Insects,  is  here  constructed 
upon  a very  different  plan;  for  the  ‘stigmata,’  which  are  usually 
four  in  number  on  each 
side,  open  into  a like 
number  of  respirator}'- 
sacculi,  each  of  which 
contains  a series  of 
leaf-like  folds  of  its 
lining  membrane,  upon 
which  the  blood  is 
distributed  so  as  to 
afford  a large  surface 
to  the  air. — In  the 
structure  of  the  limbs, 
the  principal  point 
worthy  of  notice  is 
the  peculiar  appen- 
dage with  which  they 
usually  terminate;  for 
the  strong  claws,  with 
a pair  of  which  the  last  joint  of  the  Root  is  furnished,  have  their 
edges  cut  into  comb-like  teeth  (Fig.  438),  which  seem  to  be  used  by 
the  animal  as  cleansing-instruments. 

^ 647.  One  of  the  most  emdous  jjarts  of  the  organization  of  the 
Spiders,  is  the  ‘ spinning-apparatus’  by  means  of  which  they 
fabricate  their  elaborately  constructed  webs.  This  consists  of  the 
‘ spinnerets,’  and  of  the  glandular  organs  in  which  the  fluid  that 
hardens  into  the  thread  is  elaborated.  The  usual  number  of  the 
.spinnerets,  which  ai’e  situated  at  the  posterior  extremity  of  the 
body,  is  six;  they  are  little  teat-like  prominences,  beset  with  hairy 
appendages  ; and  it  is  through  a certain  set  of  these  appendages, 
which  are  tubular  and  terminate  in  fine-drawn  points,  that  the 
glutinous  secretion  is  forced-out  in  a multitude  of  streams  of 
■ extreme  minuteness.  These  stoeams  harden  into  fibrils  imme- 
' diately  on  coming  into  contact  with  the  air  ; and  the  fibrils  pro- 
ceeding from  all  the  apertures  of  each  sihnneret  coalesce  into  a 
•single  thi’ead.  It  is  doubtful,  however,  whether  all  the  spinnerets 
are  in  action  at  once,  or  whether  those  of  different  pairs  may  not 
have  dissimilar  functions ; for  whilst  the  radiating  threads  of  a 


Fig.  438. 


F oot,  with  comb-like  claws,  of  the  common 
Sjnder  (Epeh’a) . 
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spider  s web  are  simple  (Fig.  439),  a),  those  which  lie  across  these 
torming  its  concentric  circles,  or  rather  polygons,  are  studded  at 
intervals  with  viscid  globules  (b),  which  appear  to  give  to  these 

Fig.  439. 
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Ordinary  thread  (a),  and  viscid  thread  (]$),  of  the 
common  Spider. 

threads  their  peculiarly  adhesive  character  ; and  it  does  not  seem 
1 unlikely  that  each  kind  of  thread  should  be  pro- 

duced  by  its  own  pair  of  sj^innerets.  It  was  observed  by  Mr.  H. 
Beck,  that  these  viscid  threads  are  of  uniform  thickness  when  first 
but  that  undulations  soon  appear  in  them,  and  that  the 
viscid  matter  then  accumulates  in  globules  at  regular  intervals. — 
rile  total  number  of  spinning-tubes  varies  greatly,  according  to 
the  sjpecies  of  the  Spider,  and  the  sex  and  age  of  the  individual ; 
being  more  than  1000  in  some  cases,  and  less  than  100  in  others. 
The  size  and  complexity  of  the  secreting  glandulse  vary  in  like 
manner : thim  in  the  S^iiders  which  are  most  remarkable  for  the 
large  dimensions  and  regular  construction  of  theirwebs,  they  occupy 
a large  portion  of  the  abdominal  cavity,  and  are  composed  of  slender 
branching  tubes,  whose  length  is  increased  by  numerous  convolu- 
tions ; whilst  in  those  which  have  only  occasional  use  for  their 
threads,  the  secreting  organs  are  either  short  and  simple  foUicles, 
or  undivided  tubes  of  moderate  length. 
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VERTEBKATED  ANIMALS. 

^ (548.  We  are  now  arrived  at  the  highest  division  of  the  Animal 
Kingdom,  in  which  the  bodily  fabric  attains  its  greatest  develop- 
ment, not  only  as  to  cornpleteness,  but  also  as  to  size  ; and  it  is  in 
most  striking  contrast  with  the  Class  we  have  been  last  considerino'. 
fciince  not  only^  the  entire  bodies  of  Vertebrated  animals,  but, 
generally  speaking,  the  smallest  of  their  integral  parts,  are  far  too 
large  to  be  viewed  as  Microscojiic  objects,  wo  can  study  their 
stincture  only  ^ by  a separate  examination  of  their  component 
eleinents ; and  it  seems,  therefore,  to  be  a most  appropriate  course 
to  give  under  this  head  a sketch  of  the  microscopic  characters  of 
those  Primanj  Tissues  of  which  their  fabric  is  made-up,  and  which, 
although  they  may  be  traced  with  more  or  less  distinctness  in  the 
lower  tribes  of  Animals,  attain  their  most  complete  development  in 
this  group.*  For  some  time  after  Schwann  first  made  public  the 
remarkable  results  of  his  researches,  it  was  very  generally  beheved 
that  all  the  Animal  tissues  are  formed,  hke  those  of  Plants,  by  a 
metamorphosis  ^ of  cells ; an  exception  being  taken,  however,  by 
some  Physiologists  in  regard  to  the  ‘ simple  fibrous’  tissues  (§  668). 
ihere  can  be  no  longer  any  doubt,  however,  that  this  doctrine  must 
be  greatly  modified  ;f  so  that,  whilst  the  Vegetable  Physiologist 
may  rightly  treat  the  most  highly  organized  Plant  as  a mere  aggre- 
gation of  cells,  analogous  in  all  essential  particulars  to  those  which 
singly  constitute  the  ‘ uniceUular’  Protophytes  (§  227),  the  Animal 
Physiologist  does  wi’ong  in  seeking  a cellular  origin  for  all  the 
component  parts  of  the  Animal  fabric ; and  may  best  interpret 
the  phenomena  of  tissue-formation  in  the  most  complicated 

* This  sketch  is  intended,  not  for  the  Professional  student,  hut  only  for  the 
amateur  Microscopist,  who  wishes  to  gain  some  general  idea  of  the  elementary 
.structure  of  his  own  body  and  of  that  of  Vertebrate  animals  generally.  Those 
who  wish  to  go  more  deeply  into  the  inquiry  are  referred  to  the  following  as 
the  most  recent  and  elaborate  Treatises  that  have  appeared  in  this  country; — 

I ho  translation  of  8tricker’s  “Manual  of  Histology,'’ published  by  the  Hew 
iSydenham  Society;  the  “ H.andbook  for  the  Physiological  Laboratory,”  byDrs. 
Jiiirdon-Sandersou,  Michael  Foster,  Brunton,  and  Klein  ; the  translation  of 
the  4th  edition  of  Prof.  Frey’s  “ Histology  and  Histo-chemistry  of  Man  the 
‘ <.Jeneral  Anatomy’  of  the  8th  edition  of  “ Quain’s  Anatomy’’  (1874) ; and  the 
“ Atlas  of  Histology,”  by  Prof.  Klein  and  Mr.  Noble  Smith  (1880-1). 

t The  important  ‘Review  of  the  Oell-Thoory,’  by  Prof.  Huxley,  in  the 

Hrit.  and  For.  Med.-Cliir.  Review,”  Vol.  xii.  (Oct.  1853),  p.  285,  may  be  con- 
sidered the  starting-point  of  many  later  inquines. 
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oigauisms,  by  tlic  study  of  the  behaviour  of  that  appareutly-lionio- 
geueous  protoplasm’  of  which  the  simplest  Protozoa  are  made 
up,  and  by  traciug  the  progressive  ‘ differentiation’  wliich  presents 

1 se  as  we  j^ass  from  this  through  the  ascending  series  of  Animal 
lorms.* 


649.  Although  there  would  at  first  sight  appear  but  little  in 
common  between  the  simple  bodies  of  those  humble ifonerormawhich 
constitute  the  lowest  types  of  the  Animal  series  (§  392),  and  the 
complex  fabric  of  Man  or  other  Vertebrates,  yet  it  appears  from 
lecent  researches,  that  in  the  latter,  as  in  the  former,  the  process  of 

oimation  is  essentialljr  carried-on  by  the  instrumentality  of  nro- 
topiasmio  substance,  universally  diffused  through  it  in  such  a 
manner  as  to  bear  a close  resemblance  to  the  pseudopodial  net- 
woik  of  the  RhizojDod  (Fig.  283) ; whilst  the  tissues  produced  by  its 
agency  he,  as  it  were,  on  the  outside  of  this,  bearing  the  same  kind 
of  relation  to  it  as  the  I’oraminiferal  shell  (Fig.  314)  does  to  the 
saicodic  substance  which  fills  its  cavities  and  extends  itself  over 
its  surface.^  For,  as  was  first  pointed  out  by  Dr.  Beale,f  the 
smallest  living^  ‘ elementary  part’  of  every  organized  fabric  is  com- 
posed of  organic  matter  in  two  states  : the  j^rotoplasmic  (which  he 
teimed  matter),  jiossessing  the  power  of  selecting  pabulum 

fiom  the  blood,  and  of  transforming  this  either  into  the  material 
of  its  own  extension,  or  into  some  product  which  it  elaborates ; 
whilst  the  other,  which  may  be  termed  formed  material,  may  pre- 
gi’a-dation  of  character  from  a mere  inorganic  deposit  to 
a highly  organized  structure,  but  is  in  every  case  altogether  inca- 
pable of  self-increase.  A very  definite  line  of  demarcation  can  be 
genm’ally  drawn  between  these  two  substances,  by  the  careful  use 
of  the  staining-process  (§  200) ; but  there  are  many  instances  in 
Avhich  there  is  the  same  gradation  between  the  one  and  the  other, 
as  we  have  formerly  noticed  betiveen  the  ‘ endosarc’  and  the  ‘ecto- 
sarc  of  the  Amceba  (§  403). — Thus  it  is  on  the  protojilasmic  com- 

* The  study  of  Comparative  Histology,  prosecuted  on  this  basis,  promises 
to  be  exceedingly  fertile  in  results  of  this  most  interesting  character.  Thus 
Hr.  N.  Kleiueuberg,  in  his  admirable  “ Anatomische  entwickelunsgeschichte- 
liche  Untersuchuug”  (1872),  on  Hydra,  gives  strong  reason  for  regarding  a ptr- 
ticular  set  of  cells  iu  the  body  of  that  animal  as  combining  the  fuuctions  of 
Nerve  and  Muscle.  And  the  Author  has  been  led  by  his  studj'  of  Comatiila  to 
recognize  the  most  elementary  type  of  Nerve-truuk  in  a simple  protoplasmic 
cord,  ^not  yet  separated  into  distinct  fibres  with  insulating  sheaths. 

t Prof.  Beale’s  views  are  most  systematically  expounded  in  his  lectures 
‘ On  the  Structure  of  the  simple  Tissues  of  the  Human  Bod3^,”  1861 ; in  his 
“ How  to  Work  with  the  Microscope,”  5th  edition,  1880  ; and  iu  the  Introduc- 
tory portion  oj  his  new  edition  of  “ Todd  and  Bowman’s  Phj’siological 
Anatomy,”  1867.  The  principal  results  of  the  inquiries  of  Gennau  Histologi.sts 
on  this  point  are  well  stated  in  a Paper  by  Dr.  Dufiin  on  ‘ Protoplasm,  and  the 
pa.rt  it  plays  in  the  actions  of  Living  Beings,’  in  “ Quart.  Journ.  of  Microsc. 
Science,”  Vol.  iii.,  N.S.  (1863\  p.  251. — The  Author  feels  it  necessaiy,  however, 
to  express  his  dissent  from  Prof.  Beale’s  views  iu  one  important  particular  — 
viz.,  his  denial  of  ‘ vital’ endowments  to  the  ‘ formed  material’  of  any  of  the 
tissues ; since  it  seems  to  him  illogical  to  designate  contractile  muscxilar  fibre 
(for  example)  as  ‘ dead,’  merely  bec.ause  it  has  not  the  power  of  self-reparation. 
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pouout  tliat  tli6  existonce  of  evory  form  of  Animal  organization 
essentially  depends  ; since  it  serves  , as  the  instrument  by  which  the 
nutrient  material  furnished  by  the  blood  is  converted  into  the 
several  forms  of  tissue.  Like  the  sarcodic  substance  of  the  Ehizo- 
])ods,  it  seems  capable  of  indefinite  extension  ; and  it  may  divide 
and  subdivide  into  independent  portions,  each  of  which  may  act  as 
the  instrument  of  formation  of  an  ‘ elementary  part.’  Two  prin- 
cipal forms  of  such  elementary  parts  present  themselves  in  the 
fabric  of  the  higher  Animals— namely,  cells  and  filres ; and  it  will 
be  desirable  to  give  a brief  notice  of  these,  before  proceeding  to 
describe  those  moj-e  complex  tissues  which  are  the  products  of  a 
liigher  elaboration. 

650.  The  cells  of  which  many  Animal  tissues  are  essentially  com- 
posed, consist,  when  fully  and  comjDletely  formed,  of  the  same  parts 
as  the  typical  cell  of  the  Plant  (§  223) viz.,  a definite  ‘ cell- wall,’ 
enclosing  ‘ cell-contents’  (of  which  the  nature  may  be  very  diverse), 
and  also  including  a ‘ nucleus,’  which  is  the  seat  of  its  formative 
activity.  It  is  of  such  cells,  i-etaining  more  or  less  of  their  charac- 
teristic spheroidal  shape,  that  every  mass  of  fat,  whether  large  or 
small,  is  chiefly  made  up  (Pig.  468).  And  the  internal  cavities  of 
the  body  are  lined  by  a layer  of  epUhelmm- cells  (Fig.  466),  which, 
although  of  flattened  form,  present  the  like  combination  of  com- 
2Donents.  But  there  is  a large  number  of  cases  in  which  the  cell 
shows  itself  in  a form  of  much  less  comjdete  develoi^ment ; the 
‘ elementary  part’  being  a corj)uscle  of  protoiDlasm,  of  which  the 
exterior  has  undergone  a slight  consolidation,  like  that  which  con- 
stitutes the  ‘primordial  utricle’  of  the  Vegetable  cell  (§  223)  or  the 
‘ ectosarc’  of  the  Amoeba  (§  403),  but  in  which  there  is  no  proper 
distinction  between  ‘ cell- wall’  and  ‘ cell-contents.’  This  condition, 
which  is  characteristically  exhibited  by  the  n early-globular  colourless 
corpuscles  of  the  Blood  (§  666),  ajDpears  to  be  common  to  all  cells  in 
the  incipient  stage  of  their  formation  ; and  the  progress  of  their 
develojjment  consists  in  the  gradual  differenfiafion  of  their  parts, 
the  ‘ cell-wall’  becoming  distinctly  separated  from  the  ‘ cell-con- 
tents,’ and  these  from  the  ‘ nucleus  ;’  and  the  original  protoptlasm 
being  very  commonly  replaced  more  or  less  comj^letely  by  some 
special  product  (such  as  fat  in  the  cells  of  adipose  tissue,  or  haemo- 
globin in  the  red  coi’puscles  of  the  blood),  in  which  cases  the 
nucleus  often  disappears  altogether. — In  the  earlier  stages  of  cell- 
development,  multiplication  takes  place  with  great  activity  by  a 
duplicative  subdivision  that  corresponds  in  all  essential  jDarti- 
culars  with  that  of  the  Plant-cell  (§  226) ; as  is  well  seen  in 
Cartilage,  a section  of  which  will  often  exhibit  in  one  view  the 
successive  stages  of  the  process*  (comjjare  Fig.  470  with  Pig.  139) 

* Great  attentiou  lias  lately  been  given  by  many  able  observers,  to  tLo 
changes  which  take  place  in  the  nucleus  before  and  during  its  cleavage,  A full 
account  of  these  is  contained  in  the  recently-published  third  Edition  of  Prof. 
Strassburger's  “ Zcllbildung  und  ZelHheilung”  (1880).  See  also  Dr.  Klein’s 
‘ Observations  on  the  Structure  of  Cells  and  Nuclei,’  in  “ Quart.  Journ.  Microsc. 
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Whether  ‘free’  cell-multiplication  ever  takes  nlace  Hint,-  i. 
Animals,  is  at  present  uncertain.  ^ ^ higher 

. 651  A large  part  of  the  fabric  of  the  higher  Animals  Imwn, 

IS  made  ujD  ot^ftroiis  tissues,  which  serve  to  bind  tocrether  Hip 
components,  and  which  when  consnlirl'ifort  u i°  mother 

the ‘germinal  matter’  and  the  ‘formed  mateS’  i 

under  an  aspect  which  seems  at  first  sight  very  dikieS  fromlht  J 

jnst  described.  A careful  examinationfhowevk^of  tSe  ‘ 

tive-tissue-corpuscles’  (Fig.  461)  that  have  lono-  been  d?sHnc?nfr  i' 

i?  *hese  tissues\re  made  ui?  sh^ 

that  they  are  the  equivalents  of  the  corpuscles  of  ‘ germinal  matter  '’ 

Jw  constitute^cell-nucS  and 

that  the  fibres  hold  the  same  relation  to  them  that  the  ‘ wnllo’’  ^ i 
contend-  of  cells  do  to  theh-  germinal  oor^Sct  tL  tosiC 
fiom  the  one  type  to  the  other  is  well  seen  in  Fibro-cartilaa-e  in 
which  the  so-called  ‘ intercellular  substance’ is  often  as  fibrous  ns 

tendon.  The  difference  between  the  two  tkS  L Inpl  ?! 
essentially  to  consist  in  this -that,  whilst  tH  segmenfa  of  ‘ nS 
mma  matter'  which  form  the  cell-nnclei  in  cartilagf  (Kg  470)  fad 
in  othei  cellulai  tissues,  are  comiiletely  isolated  from  each  othe- 
each  being  completely  surrounded  by  the  product  of  its  own  elabo’ 
lating  action  those  which  form  the  ‘ connective-tissue-corouscles’ 
aie  connected  together  by  radiating  prolongations  (Fig  461)  that 
pass  between  the  fibres,  so  as  to  form  a continuous  netwoA  doselv 
'of  ^+V  ^o™ed  by  the  pseudopodia  of  the  Ehizopod  (Fir? 
fif-  -T-?  r'l  ^ beautiful  example  in  Bone  - for 

whilst  Its  sohd  substance  maybe  considered  as  connective  tissue 
solidified  by  calcareous  deposit,  the  ‘ lacunae’  and  ‘ canalicuh’  which 
are  excavated  in  it  (Fig  ^1)  give  lodgment  to  a set  of  radiatinfr 
corpuscles  closely  resembling  those  just  described  ; and  these  are 
centres  of  germinal  matter,’  which  appear  to  have  kn  active  share 

lkDpnw''ro°''/H  ^^J®f^W"^<^^^^tritionof  the  osseous  texture. 
In  Bentme  (oi  tooth-substance)  we  seem  to  have  another  form  of 

the  same  thing;  the  walls  of  its  ‘ tubuli’  and  the  ‘ intertubular  sub- 
stance (§  656)  being  the  ‘formed  material’  that  is  produced  frZ 
thread-hke  prolongations  of  ‘ germinal  matter’  issuing  from  its 
pulp,  and  continuing  during  the  life  of  the  tooth  to  occupy  its 
tubes;  ]iist  as- in  the  Foraminifera  we  have  seen  a niinutely- 
tubulai  stiucture  to  be  formed  around  the  individual  threads  of 
sarcode  which  proceeded  from  the  body  of  the  contained  animal 
(higs.  314,  33o)  It  may  now  be  stated,_ indeed,  with  considerable 
ccmfidence,  that  the  bodies  of  evra  the  highest  Animals  are  every- 
where penetrated  by  that  sarcodic  substance  of  which  those  of  tlic 
lowest  and  simplest  are  entirely  composed ; and  that  this  sub- 
stance, which  forms  a continuous  network  through  almost  every 
jiortion  ot  the  fabric,  is  the  main  iustrumeut  of  the  Formation. 

Science  N.S.  Vol.  xyiii.  (1878),  p.  31.1,  and  Vol.  xix.  (1870),  pp.  121, 401 : and' 
Chap.  xliv.  of  Ins  “ Atlas  of  Histology.’’ 
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Nutrition,  and  Eoparation  of  the  more  specialized  or  differentiated 
Tissues. — As  it  is  the  purpose  of  this  work,  not  to  instruct  the 
professional  student  in  Histology  (or  the  Science  of  the  Tissues), 
hut  to  supply  scientific  information  of  general  interest  to  the 
ordinary  Microscopist,  no  attempt  will  here  he  made  to  do  more 
than  describe  the  most  important  of  those  distinctive  characters 
which  the  principal  tissues  present  when  subjected  to  Microscopic 
examination  ; and  as  it  is  of  no  essential  consequence  what  order 
is  adopted,  we  may  conveniently  begin  with  the  structure  of  the 
aJieleton*  which  gives  support  and  protection  to  the  softer  parts  of 
the  fabric. 

652.  Bone. — The  l\Gcroscopic  characters  of  osseous  tissue  may 
sometimes  be  seen  in  a very  tliin  natural  plate  of  bone,  such  as  in 
that  forming  the  scapula  (shoulder-blade)  of  a Mouse ; but  they 
are  displayed  more  perfectly  by  artificial  sections,  the  details  of 
the  arrangement  being  dependent  upon  the  nature  of  the  specimen 
selected,  and  the  direction  in  which  the  section  is  made.  Thus 
when  the  shaft  of  a ‘ long’  bone  of  a Bird  or  Mammal  is  cut-across 
in  the  middle  of  its  length,  we  find  it  to  consist  of  a hollow  cylinder 
of  dense  bone,  surrounding  a cavity  wliich  is  occupied  by  an  oily 
marrow ; but  if  the  section  be  made  nearer  its  extremity,  we  find 
the  outside  wall  gradrially  becoming  thinner,  whilst  the  interior, 
instead  of  forming  one  large  cavity,  is  divided  into  a vast  number 
of  small  chambers,  partially  divided  by  a sort  of  ‘ lattice-work’  of 
‘ osseous  fibres,  but  communicating  with  each  other  and  with  the 
' cavity  of  the  shaft,  and  filled,  like  it,  with  marrow.  In  the  bones 

■ of  Reptiles  and  Fishes,  on  the  other  hand,  this  ‘ cancellated’ 
stmcture  usually  extends  throughout  the  shaft,  which  is  not  so 
completely  differentiated  into  soHd  bone  and  medullary  cavity  as 
lit  is  in  the  higher  Yertebrata.  In  the  most  developed  kinds  of 

■ ‘ flat’  bones,  again,  such  as  those  of  the  head,  we  find  the  two  sur- 
faces to  be  composed  of  dense  plates  of  bone,  with  a ‘cancellated’ 
•structure  between  them  ; whilst  in  the  less  perfect  type  presented 
; to  us  in  the  lower  Yertebrata,  the  whole  thickness  is  usually  more 
' or  less  ‘ cancellated,’  that  is,  divided-up  into  minute  medullary 
'■cavities. — kYhen  we  examine,  under  a low  magnifying  power,  a 
' longihtdinal  section  of  a long  bone,  or  a section  of  a flat  bone 
parallel  to  its  surface,  we  find  it  traversed  by  numerous  canals, 
■termed  Haversian  after  their  discoverer  Havers,  which  are  in  con- 
meetion  with  the  central  cavity,  and  are  filled,  like  it,  with  marrow ; 
in  the  shafts  of  ‘ long’  bones  these  canals  usually  run  in  the  direction 
of  their  length,  but  are  connected  here  and  there  by  cross-branches ; 
whilst  in  the  flat-bones  they  form  an  irregular  network. — ^On 
^applying  a higher  magnifying  power  to  a thin  transverse  section  of 
a long  bone,  we  observe  that  each  of  the  canals  whose  orifices 


f • This  term  is  used  in  its  most  general  sense,  as  including  not  only  the  proper 
r •■firlfhrnl  or  interniil  skeleton,  but  also  the  hard  parts  protecting  the  exte’’ior 
I )f  the  bod}',  which  form  the  dermal  skeleton^ 
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present  themselves  in  the  field  of  view  (Fig.  440),  is  the  centre  of 
a rod  of  bony  tissue  (i),  usually  more  or  less  circular  in  its  form, 


Mimite  strncture  of  Bone,  as  soen  iu  transverse  section : 

1,  a rod  surrounding  an  Haversian  canal,  3,  showing  the 
concentric  ari-angement  of  the  lamellss  ; 2,  the  same,  with  the 
lacunse  and  canalicrdi ; 4,  portions  of  the  lamellas  parallel  with 
the  external  surface. 


which  is  arranged  around  it  in  concentric  rings,  resembling  those 
of  an  Exogenous  stem  (Fig.  254).  These  rings  are  marked  out  and 
divided  by  circles  of  little  dark  spots ; which,  when  closely  ex- 
amined (2),  are  seen  to  be  minute  flattened  cavities  excavated  in  the 
solid  substance  of  the  bone,  from  the  two  flat  sides  of  which  pass 
forth  a number  of  extremely  minute  tubules,  one  set  extending 
inwards,  or  in  the  direction  of  the  centre  of  the  system  of.  rings, 
and  the  other  outwards,  or  in  the  direction  of  its  circumference : 
and  by  the  inosculation  of  the  tubules  (or  canalimli)  of  the  different 
rings  with  each  other,  a continuous  communication  is  estabhshed 
between  the  central  Haversian  canal  and  the  outermost  part  of  the 
bony  rod  that  surrounds  it,  which  doubtless  ministers  to  the  nutri- 
tion of  the  texture.  Blood-vessels  are  traceable  into  the  Haversian 
canals,  but  the  ‘ canahculi’  are  far  too  minute  to  carry  blood-cor- 
puscles ; they  are  occuiiied,  however,  iu  the  living  bone,  by  threads 
of  sarcodic-substance,  which  bring  the  segments  of  ‘ genninal 
matter’  contained  in  the  lacuna)  into  communication  with  the 
walls  of  the  blood-vessels. 

663.  The  minute  cavities  or  lacimce  (sometimes,  but  erroneously 
termed  ‘ bone-corpuscles,’  as  if  they  were  solid  bodies),  from  which 
the  canaliculi  proceed  (Fig.  444),  are  highly  characteristic  of  the 
trae  osseous  structure  ; being  never  deficient  iu  the  minutest  parts 
of  the  bones  of  the  higher  Vertebrata,  although  those  of  Fishes  are 
occasionally  destitute  of  them.  The  dark  api^earance  which  the}’’ 


Fig.  440, 
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present  in  sections  of  a dried  bone  is  not  due  to  opacity,  but  is 
pniply  an  optical  effect,  dependent  (like  tire  blackness  of  aird nibbles 
in  liquids)  upon  the  clisper-  a 

sion  of  the  rays  by  the  Fig.  441. 

highly-refracting  substance 
that  surrounds  them  (§  153). 

■ The  size  and  form  of  the 
lacunte  differ  considerably 
in  the  several  Classes  of 
Vertebrata,  and  even  in 
some  instances  in  the 
Orders ; so  as  to  allow  of 

■ the  determination  of  the 

' tribe  to  which  a bone  be- 
longed, by  the  Microscopic 

' examination  of  even  a 

I minute  fragment  of  it  (§  705).  The  following  are  the  average 
dimensions  of  the  lacunae,  in  characteristic  examples  drawn  from 

■ the  four  princijial  Classes,  expressed  in  fractions  of  an  inch  : — 


Tmcuucb  of  Ossoous  subbttUice  : — f?,  central 
cavity ; l>,  its  ramifications. 


Man  . . . 

Ostrich  . . 
Turtle  . . 
Conger-eel . 


Long  Diameter. 
1-1440  to  1-2400 
1-VAm  to  1-2250 
1-375  to  1-1150 
1-550  to  1-1135 


Short  Diameter. 
1-4000  to  1-8000 
1-5425  to  1-9650 
1-4500  to  1-5840 
1-4500  to  1-8000 


The  lacunte  of  Birds  are  thus  distinguished  from  those  of  Meum- 
ruals  by  their  somewhat  greater  length  and  smaller  breadth ; but 
: they  differ  still  more  in  the  remarkable  tortuosity  of  their  canalicuh, 
'which  wind  backwards  and  forwards  in  a very  irregular  manner. 
There  is  an  extraordinary  increase  in  length  in  the  lacuna;  of 
iltepUles,  without  a corresponding  increase  in  breadth  ; and  this  is 
aalso  seen  in  some  Fishes,  though  in  general  the  lacunae  of  the 
Hatter  are  remarkable  for  their  angularity  of  form  and  the  fewness 


Fig.  442. 


Section  of  tb(!  Bony  Scale  of  Lejudosteux : — a,  showing  the 
regular  distribution  of  the  lacunae  and  of  the  connecting  cana- 
liculi ; b,  small  portion  moi’e  highly  magnified. 

of  their  radiations, — as  shown  in  Fig.  442,  which  rej^resents  the 
acunae  and  canaliculi  in  the  bony  scale  of  the  Lepidostcus  (‘  bony 

3 0 
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pke’  of  the  ISTorth  American  lakes  and  rivers),  Avitli  which  the 
bones  of  its  internal  skeleton  perfectly  agree  in  structure.  'Ihe 
dimensions  of  the  lacunae  in  any  bone  do  not  hear  any  relation 
to  the  size  of  the  animal  to  which  it  belonged  ; thus  there  is  little 
or  no  perceptible  difference  between  their  size  in  the  enormous 
extinct  Iguanodon,  and  in  the  smallest  Lizard  now  inhabiting  the 
earth.  But  they  bear  a close  relation  to  the  size  of  the  Bloofl- 
corpuscles  in  the  several  Classes  ; and  this  relation  is  particularly 
obvious  in  the  ‘ perennibranchiate  ’ Batrachia,  the  extraordinary 
size  of  whose  blood-corpuscles  will  be  presently  noticed  (§  660) 


Proteus  . . 
Siren  . . . 
Menopoma  . 
Lepidosireu  . 
Pterodactyle 


Long  Diameter. 
1-570  to  1-980 
1-290  to  1-480 
1-450  to  1-700 
1-375  to  1-494 
1-445  to  1-1185 


Short  Diameter. 
1-885  to  1-1200 
1-540  to  1-975 
1-1300  to  1-210  I 
1-980  to  1-2200 
1-4000  to  1-5225* 


654.  In  preparing  Sections  of  Bone,  it  is  important  to  avoid  tlie 
penetration  of  the  Canada  balsam  into  the  interior  of  the  lacume 
and  canalicidi ; since,  when  these  are  filled  b}"-  it,  they  become 
almost  invisible.  Hence  it  is  ]3referable  not  to  employ  this  cement 
at  all,  except  it  may  be,  in  the  first  instance ; but  to  nib-down 
the  section  beneath  the  finger,  guarding  its  surface  with  a slice  of 
cork  or  a slip  of  gutta-percha  (§  196) ; and  to  give  it  such  a poUsh 
that  it  may  be  seen  to  advantage  even  when  mounted  diy.  As 
the_  pohshing,  however,  occupies  much  time,  the  benefit  which  is 
derived  from  covering  the  surfaces  of  the  specimen  with  Canada 
balsam  may  be  obtained,  without  the  injury  resulting  from  the 
penetration  of  the  balsam  into  its  interior,  by  adopting  the  follow- 
ing method  : — a quantity  of  balsam  proiiortioned  to  the  size  of  the 
specimen  is  to  be  spread  upon  a glass,  slip,  and  to  be  rendered 
stiffer  by  boiling,  until  it  becomes  nearly  soHd  when  cold;  the 
same  is  to  be  done  to  the  thin-glass  cover;  next,  the  specimen 
being  placed  on  the  balsamed  surface  of  the  slide,  and  being  over- 
laid by  the  balsamed  cover,  such  a degree  of  warmth  is  to  be  applied 
as  will  suffice  to  liquefy  the  balsam  without  causing  it  to  flow 
freely ; and  the  glass  cover  is  then  to  be  quickly  pressed-down,  and 
the  slide  to  be  rapidly  cooled,  so  as  to  give  as  little  time  as  possible 
for  the  penetration  of  the  liquefied  balsam  into  the  lacunar 
system. — The  same  method  may  be  employed  in  making  sections  of 
Teeth.f — The  study  of  the  organic  basis  of  Bone  (commonly,  but 
erroneously,  termed  cartilage)  should  be  pursued  by  macerating  _a 
fresh  bone  in  dilute  Hitro-hydrochloric  acid,  then  macerating  it 
for  some  time  in  pure  water,  and  then  tearing  thin  shreds  from 


* See  Prof.  .T.  Quekott’s  Memoir  on  this  subject,  iu  tlie  “ Transact,  of  llie 
Microsc.  Soc.,”  Ser.  1,  VoJ.  ii. ; and  Ids  more  ample  illustraticin  of  it  in  ll)<‘ 
“ Illustrated  Catalogue  of  the  Histological  Collection  iu  the  Museum  of  tin' 
Eoyal  College  of  Surgeons,”  Vol.  ii. 

t Some  useful  hints  on  the  mode  of  making  these  preparations  will  befomnl 
in  the  “ Quart.  Journ.  of  Microsc.  Science,”  Vol.  vii.  (1859),  p.  258. 


STRUCTURE  OF  TEETH. 


771 


the  vesidaal  substance,  which  will  be  found  to  consist  of  an  imper- 

in  its  essential  constitution  to  the 

. white  fibrous  tissue  (§  568). 

. 655.  Teetk.— The  intimate  structure  of  the  Teeth  in  the  several 

'Classes  and  Orders  of  Vertebrata,  presents  dilFereuces  wHcli  are 
no  less  remarkable  than  those  of  their  ex'ternal  form,  arrangement 
.and  succession.  It  will  obviously  be  impossible  here  to  do  more 
-than  sketch  some  of  the  most  important  of  these  varieties  —The 
i vprincipal  part  of  the  substance  of  all  teeth  is  made-up  of  a solid 
f ’.tissue  that  has  been  appropriately  termed  dentine.  In  the  Shark 
i -tribe,  as  in  many  other  Fishes,  the  general  structure  of  this  den- 
i;  ’.tine  is  extremely . analogous  to  that  of  bone  ; the  tooth  being 
6 rtraversed  by  numerous  canals,  wliich  are  continuous  with  the 
IHaversian  canals  of  the  subjacent  bone,  and  receive  blood-vessels 
(.  (from  them  (Fig.  443) ; and  each  of  these  canals  being  surrounded 
• !by  a system  of  tubuli  (Fig.  444),  which  radiate  into  the  surrounding 

Fig.  44;3. 


Fig.  443.  Pei’pendicultir  section  of  Tooth  of  Lanina,  mode- 
rately enlarged,  showing  network  of  medullary  canals. 

Fig.  444.  Transverse  section  of  portion  of  Tooth  of  PrisLs, 
more  highly  magnified,  shoving  orifices  of  medullary  canals, 
with  systems  of  radiating  and  inosculating  tubuli. 

' olid  substance.  These  tubuli,  however,  do  not  enter  lacunas,  nor 
•'S  there  any  concentric  annular  arrangement  around  the  medullary 
■.  anals  ; but  each  system  of  tubuli  is  continued  onwards  through 
tts  own  division  of  the  tooth,  the  individual  tubes  sometimes 
r.dving-off  lateral  branches,  wliilst  in  other  instances  their  trunks 
lifurcate.  This  arrangement  is  peculiarly  well  displayed,  when 
' ections  of  teeth  constructed  upon  this  type  are  viewed  as  opaque 
'bjects  (Fig.  445). — In  the  teeth  of  the  higher  Vertebrata, 
owever,  we  usually  find  the  centre  excavated  into  a single 
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cavity  (Fig.  446),  and  the  remainder  destitute  of  vascular  canals  ; ' 

hut  there  are  intermediate  cases  (as  in  the  teeth  of  the  great  fo.ssii  | ■ 

Sloths)  in  which  the  in-  ; 
ner  j^ortion  of  the  dentine  ' 
is  traversed  hy  prolon- 
gations of  this  cavity, 
conveying  Idood-vessels, 
which  do  not  pass  into 
the  exterior  layers.  The 
tuhuli  of  the  ‘ non-vas- 
cular  ’ dentine,  which 
exists  by  itself  in  the 
teeth  of  nearly  all  Mam- 
malia, and  which  in  the 
Elephant  is  known  as 
‘ivory,’  all  radiate  from 
the  central  cavity,  and 
l^ass  towards  the  surface 
of  the  tooth  in  a nearly 
Ti-;insverse  Section  of  Tooth  of  Myliohates  l^arallel  course.  Their 
(Eagle  Ray)  viewed  as  an  opaqne  object.  diameter  at  their  largest 

part  averages  1-10, 000th 

of  an  inch  ; their  smallest  branches  are  immeasurably  fine.  The  i 
tubuli  in  their  course  present  greater  and  lesser  undulations  ; the 
former  are  few  in  number : but  the  latter  are  numerous,  and  as 
they  occur  at  the  same  part  of  the  course  of  several  contiguous 
tubes,  they  give  rise  to  the  appearance  of  lines  concentric  with 
the  centre  of  radiation.  These  ‘ secondary  curvatures  ’ probably 
indicate,  in  dentine,  as  in  the  Crab’s  shell  (§  613),  successive  stages 
of  calcification. — The  tubuli  are  occupied,  during  the  life  of  the 
tooth,  by  delicate  threads  of  protoplasmic  substance,  extendiug 
into  them  from  the  central  pulp. 

656.  In  the  Teeth  of  Man  and  most  other  Mammals,  and  in 
those  of  many  Eeptiles  and  some  Fishes,  we  find  two  other  sub- 
stances, one  of  them  harder,  and  the  other  softer,  than  dentine  : 
the  former  is  termed  enamel;  and  the  latter  cementum  or  crusta 
■petrosa. — The  enamel  is  composed  of  long  prisms,  closely  resembling 
those  of  the  ‘ prismatic’  Shell-substance  formeily  described  (§  563), 
but  on  a far  more  minute  scale  ; the  diameter  of  the  prisms  not 
being  moi'e  in  Man  than  l-660Uth  of  an  inch.  The  length  of  the 
prisms  corresj)onds  with  the  thickness  of  the  layer  of  enamel ; aud 
the  two  surfaces  of  this  layer  jDresent  the  ends  of  the  prisms,  the 
foi’m  of  which  usually  approaches  the  hexagonal.  The  course  of 
the  enamel-prisms  is  more  or  less  wavy ; and  they  are  marked  by 
numerous  transverse  striae,  resembling  those  of  the  lerismatic 
shell-substance,  and  probably  originating  in  the  same  cause, — the- 
coalescence  of  a series  of  shorter  prisms  to  fonn  the  lengthened  I 

prism.  In  Man  and  in  Carnivorous  animals  the  enamel  covers  the  I 

crown  of  the  tooth  only,  with  a simjde  cap  or  superficial  layer  of  I 
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Fig.  44G. 


tolerably  iinifoian  thickness  (Fig.  446,  a),  which  follows  the  surface 
of  the  dentine  in  all  its  inequalities ; and  its  component  prisms 
are  directed  at  right  angles  to  that  sur- 
face,  their  inner  extremities  resting  in 
slight  but  regular  dejiressions  on  the 
■ oxterior  of  the  dentine.  In  the  teeth  of 
many  Herbivorous  animals,  however, 
the  enamel  forms  (with  the  cementum)  a 
series  of  vertical  plates,  which  dip  down 
into  the  substance  of  the  dentine,  and 
present  their  edges  alternately  with  it, 
at  the  grinding  surface  of  the  tooth; 
and  there  is  in  such  teeth  no  continnons 
layer  of  enamel  over  the  crown.  This 
arrangement  provides,  by  the  unequal 
■wear  of  these  three  substances  (of  which 
the  enamel  is  the  hardest,  and  the 
cementum  the  softest),  for  the  constant 
maintenance  of  a rough  surface,  adapted 
to  triturate  the  tough  vegetable  sub- 
stances on  which  these  animals  feed. 

The  enamel  is  the  least  constant  of  the 
dental  tissues.  It  is  more  frequently 
absent  than  jiresent  in  the  teeth  of 
Fishes ; it  is  entirely  wanting  in  the 
teeth  of  Serpents ; and  it  foiuns  no  part 
of  those  of  the  Edentata*  (sloths,  &c.) 
and  Cetacea  (whales)  among  Mammals. 

— The  cementwm,  or  criista  fetrosa,  has 
the  characters  of  true  bone ; possess- 
ing its  distinctive  stellate  lacun®  and 
radiating  canahculi.  Where  it  exists  in  small  amount,  we  do 
not  find  it  traversed  by  medullary  canals ; but,  like  dentine, 
it  is  occasionally  furnished  with  them,  and  thus  resembles  bone 
in  every  particular.  These  medullary  canals  enter  its  substance 
from  the  exterior  of  the  tooth,  and  consequently  pass  towards 
those  which  radiate  frome  the  central  cavity  in  the  direction  of 
the  surface  of  the  dentine,  where  this  possesses  a similar  vas- 
cularity, as  was  remarkably  the  case  in  the  teeth  of  the  great 
' extinct  Megatherium.  In  the  Human  tooth,  however,  the  cementum 
1 has  no  such  vascularity ; but  forms  a thin  layer  (Fig.  446,  h), 
which  envelopes  the  root  of  the  tooth,  commencing  near  the 
termination  of  the  cap  of  enamel.  In  the  teeth  of  many  her- 
bivorous Mammals,  it  dips  down  with  the  enamel  to  form  the 
vertical  plates  of  the  interior  of  the  tooth  ; and  in  the  teeth  of  the 

^ ♦ It  Las  been  shown  by  Mr.  Charles  Tomes, however,  that  the  ‘enamel  organ’ 
IS  originally  present  within  the  tooth-capsiilo  of  the  Armadillo.,  though  it. 
undergoes  an  early  degeneration ; — a fact  of  no  little  interest  in  connection  with 
'the  general  doctrine  of  ‘Descent  with  modification.’ 


Vertical  Section  of  Human 
Molar  Tooth : — n,  enamel ; b, 
cementum  or  criista  petrosa  ; 
c,  dentine  or  ivory ; d,  os- 
seous excrescence,  arising 
from  hypertrophy  of  cemen- 
tum ; t'.  pulp-cavity  ; J\  os- 
seous lacunaj  at  outer  part 
of  dentine. 
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Edentata,  as  well  as  of  many  Eeptiles  and  Fishes,  it  forms  a thick 
continuous  envelope  over  the  whole  surface,  until  worn-away  at 
the  crown.  ’’ 

657.  Dermal  Skeleton.— The  Skin  of  Fishes,  of  most  Eeptiles, 
and  of  a few  Mammars,  is  strengthened  by  jdates  of  a horny,  car- 
tdaginons,  bony,  or  even  enamel-like  texture  ; which  are  sometimes 
litted-together  at  their  edges,  so  as  to  form  a continuous  box-like 
envelope  ; whilst  more  commonly  they  are  so  arranged  as  partially 
to  overlie  one  another,  like  the  tiles  on  a roof;  and  it  is  in  this 
latter  case  that  they  are  usually  known  as  scales.  Although  we 
are  accustomed  to  associate  in  our  minds  the  ‘ scales’  of  Fishes 
with  those  of  Eeptiles,  yet  they  are  essentiaUy-diffierent  structures ; 
the  former  being  developed  in  the  substance  of  the  true  skin  (with 
a layer  of  which,  in  addition  to  the  epidermis,  they  are  always 
covered),  and  bearing  a resemblance  to  cartilage  and  bone  in  their 
texture  and  comi^osition ; whilst  the  latter  are  formed  upon  the 
sniface  of  the  true  skin,  and  are  to  be  considered  as  analogous  to 
nails,  hoofs,  &c.,  and  other  ‘epidermic  appendages.’  In  nearly  all 
the  existing  Fishes  the  scales  are  flexible,  being  but  little  con- 
solidated by  calcareous  deposit ; and  in  some  species  they  are  so 
thin  and  transparent,  that,  as  they  do  not  project  obliquely  from 
the  surface  of  the  skin,  they  can  only  be  detected  by  raising  the 
superdcial  layer  of  the  skin,  and  searching  beneath  it,  or  by  tearing 
oft  the  entire  thickness  of  the  skin,  and  looking  for  them  near  its 
under  surface.  This  is  the  case,  for  example,  with  the  common 
Del,  and  with  the  vioiiiarovjS  Blenny ; of  either  of  which  fish  the 
skin  is  a very  interesting  object  when  dried  and  mounted  in 
Canada  balsam,  the  scales  being  seen  imbedded  in  its  substance, 
whilst  its  outer  surface  is  studded  with  pigment-cells.  Generally 
speaking,  however,  the  posterior  extremity  of  each  scale  projects 
obliquely  from  the  general  surface,  carrying  before  it  the  thin 
membrane  that  encloses  it,  which  is  studded  with  pigment-cells;  and 


however,  that  the  light  is  made  to  glance  upon  it  in  the  most 
advantageous  manner ; since  the  brilliance  with  which  it  is  reflected 


I’orlioii  of  Skiu  of  Sole,  viewed  as  an  opaqnc 
object. 


a portion  of  the  skin  of 
almost  any  Fish,  but 
especially  of  such  as  have 
scales  of  the  ctenoid  kind 
(that  si,  fxirnished  at 
their  posterior  extremi- 
ties with  comb-like  teeth. 
Fig.  448),  when  dried 
xvith  its  scales  in  situ,  is 
a very  beautiful  opaque 
object  for  the  Ioav  powers 
of  the  Microscope  (Fig. 
447),  especially  with  the 
Binocular  arrangement. 
Care  must  be  taken. 


DERMAL  SKELETON. — SCALES  OF  PISH. 


Fig.  448. 


projections  entirely  depends  upon  the  ande  at 
ujpo^^  The  only  appearance  of  structure  ex- 

lubited  by  the  thin  flat  scale  of  the  Eel, 
when  examined  microscopically,  is  the 
presence  of  a layer  of  isolated  sphe- 
roidal transparentj  bodies,  imbedded  in 
a plate  of  like  transparence;  these,  from 
the  researches  of  Prof.  W.  C.  William- 
son* upon  other  scales,  appear  not  to  be 
cells  (as  they  might  readily  be  supposed 
to  be),  but  concretions  of  Carbonate 
of  Lime.  When  the  scale  of  the  Eel 
is  examined  by  Polarized  light,  its  sur- 
face exhibits  a beautiful  St.  Andrew’s 
cross ; and  if  a plate  of  Selenite  be 
placed  behind  it,  and  the  analyzing 
prism  be  made  to  revolve,  a remarkable 
; play  of  colours  is  jjresented. 

658.  Pn  studying  the  structure  of  the 
■ more  highly  developed  scales,  we  may 
;teke  as  an  illustration  that  of  the  Gmy  ; 
in  which  two  very  distinct  layers  can  be 
made-out  by  a vertical  section,  with  a 
'third  but  incomplete  layer  interposed 
' between  them.  The  outer  layer  is  com- 
lljosed  of  several  concentric  laminae  of  a 


Scale  of  Sole,  viewed  as  a 
trausparent  object. 


^structureless  transparent  substance,  like  that  of  cartilage;  the  outer- 
iraost  of  these  laminae  is  the  smallest,  and  the  size  of  the  plates  in- 

i'  creases  progressively  from  without  inwards,  so  that  their  margins 
; appear  on  the  surface  as  a series  of  concentric  lines ; and  their  sur- 
1 faces  are  thrown  into  ridges  and  furrows,  which  commonly  have  a 
iradiating  direction.  The  inner  layer  is  composed  of  numerous 
I laminae  of  a fibrous  structure,  the  fibres  of  each  lamina  being  in- 
crimed  at  various  angles  to  those  of  the  lamina  above  and  below  it. 
1 Between  these  two  layers  is  interposed  a stratum  of  calcareous 
i concretions,  resembling  those  of  the  scale  of  the  Eel : these  are 
■ iometimes  globular  or  spheroidal,  but  more  commonly  ‘lenticular,’ 
':hat  is,  having  the  form  of  a double-convex  lens.  The  scales  which 
1 .'esemble  those  of  the  Carp  in  having  a form  more  or  less  circular, 

: ind  in  being  destitute  of  comb -like  prolongations,  are  called 
■'/chid;  and  such  are  the  characters  of  those  of  the  Salmon, 

■ riening.  Roach,  &c.  The  structure  of  the  ctenoid  scales  (Eig.  448), 
'■vhich  we  find  in  the  Sole,  Perch,  Pike,  &c.,  does  not  differ  essen- 
f 01  ally  from  that  of  the  cycloid,  save  as  to  the  projection  of  the 
comb-like  teeth  from  the  posterior  margin  ; and  it  does  not  appear 


* Seo  his  elaborate  Memoirs  ‘ On  the  Microscopic  Stnicture  of  the  Scales 
’ ind  Dennal  Teeth  of  some  Ganoid  and  Placoid  Fish,’  in  ‘‘  Philos.  Transact.,” 
' ‘ Investigations  into  the  Structure  and  .Development  of  the  Scale.s 

md  Hones  of  Fishes,’  in  “Philos.  Transact.,”  1851. 
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that  the  strongly-marked  division  Avhich  Prof.  Agassiz  has  at- 
establish  between  the  ‘ cycloid’  and  the  ‘ ctenoid’  Orders 
oc  i ishes,  on  the  basis  of  this  difference,  is  in  harmony  with  their 
general  organization.  Scales  of  every  kind  may  become  con- 
solidated to  a considerable  extent  by  the  calcification  of  their  soft 
substance;  blit  still  they  never  present  any  approach  to  the  true 
.1:5 ony  structure,  such  as  is  shown  in  the  two  Orders  to  be  next 
ad  verted- to. 


659.  In  the  ganoid  Scales,  on  the  other  hand,  the  whole  sub- 
stance ot  the  scale  is  composed  of  a substance  which  is  essentially 
bony  in  its  nature  : its  intimate  structure  being  always  comparable 
to  tnat  of  one  or  other  of  the  varieties  which  present  themselves 
in  the  bones  of  the  Vertebrate  skeleton  ; and  being  very  frequently 
identical  with  that  of  the  bones  of  the  same  fish,  as  is  the  case  with 
^ 442),  one  of  the  few  existing  representatives 
of  this  Order,  which,  in  former  ages  of  the  Earth’s  history,  compre- 
hended a lar^e  number  of  important  families.  Their  name  (from 
yavos,  splendour)  is  bestowed  on  account  of  the  smoothness,  hard- 
ness, and  high  polish  of  the  outer  surface  of  the  scales ; which  is  due 
to  the  presence  of  a pecuHar  layer  that  has  been  hkened  (thougli 
enoneously)  to  the  enamel  of  teeth,  and  is  now  distinguished  as 
ganoin.  The  scales  of  this  order  are  for  the  most  part  angular  in 
f arranged  in  regular  rows,  the  jiosterior  edges 

of  each  slightly  overlapiiing  the  anterior  ones  of  the  next,  so  as  to 
form  a very  complete  defensive  armour  to  the  body. — The  scales  of 
the  placoid  type,  which  characterizes  the  existing  Sharks  and  Eays. 
with  their  fossil  allies,  are  irregular  in  their  shajie,  and  very  com- 
monly do  not  come  into  mutual  contact,  but  are  separately  imbeddeil 
in  the  skin,  projecting  from  its  surface  under  various  forms.  In  the 
Pays  each  scale  usually  consists  of  a flattened  plate  of  a rounded 
shape,  with  a hard  spine  jirojecting  from  its  centre  ; in  the  Sharks 
(to  which  tribe  belongs  the  ‘ dog-fish’  of  our  own  coast)  the  scales 
have  more  of  the  shajpe  of  teeth.  This  resemblance  is  not  confined 
to  external  form ; for  their  intimate  structure  strongly  resemble.s 
that  of  dentine,  their  dense  substance  being  traversed  by  tubuli. 
which  extend  from  their  centre  to  their  circumference  in  minute 
ramifications,  without  any  trace  of  osseous  lacunas.  These  tootb- 
like  scales  are  often  so  small  as  to  be  invisible  to  the  naked  eye : 
but  they  are  well  seen  by  drying  a piece  of  the  skin  to  which  tlicy 
are  attached,  and  mounting  it  in  Canada  balsam;  and  they  are 
most  brilliantly  shown  by  the  assistance  of  polarized  light. — A 
like  structure  is  found  to  exist  in  the  ‘ spiny  rays’  of  the  dorsal 
fin,  which,  also,  arc  parts  of  the  dermal  skeleton ; and  these 
rays  usually  have  a central  cavit}’’  filled  with  medulla,  from  which 
the  tubuli  radiate  towards  the  circumference.  This  structure  is 
very  well  seen  in  thin  sections  of  the  fossil  ‘ sj^iny  rays,’  which,  with 
the  teeth  and  scales,  are  often  the  sole  relics  of  the  vast  multitudes 
of  Sharks  that  must  have  swarmed  in  the  ancient  seas,  theii’ 
cartilaginous  internal  skeletons  having  entirely  decayed  awa}'.— 
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STEUCTUEE  OF  EPIDEEMIC  APPENDAGES. 

In  making  sections  of  bonj  Scales,  Spiny  rays,  &c.,  the  method 
mimt  be  followed  which  has  been  already  detailed  under  the  head 
of  Bone  (§  6o4). 

660.  The  scales  of  Reptiles,  the  feathers  of  Birds,  and  the  hairs, 
hoofs,  nails,  claws,  and  liovns  (when  not  bony)  of  Mammals,  are 
a\\  epidemiic  aiDj)endages ; that  is,  they  are  produced  ujpon  the 
surface,  not  within  the  substance,  of  the  true  Skin,  and  are  allied 
in  structure  to  the  Epidermis  (§  671) ; being  essentially  composed 

: of  aggregations  of  cells  filled  with  horny  matter,  and  frequently 
much  altered  in  form.  This  structure  may  generally  be  made-out 
in  horns,  nails,  &(?.,  with  little  difficulty,  by  treating  thiu  sections 
I of  them  with  a dilute  solution  of  soda ; wdiich  after  a short  time 
I causes  the  cells  that  had  been  flattened  into  scales,  to  resume  their 
j globular  form.  The  most  interesting  modifications  of  this  structure 
j are  presented  to  us  in  Hairs  and  in  Feathers ; which  form  a of 
! clothing  are  very  similar  to  each  other  in  their  essential  nature,  and 
I are  developed  in  the  same  manner — ifamely,  by  an  increased  pro- 
j duction  of  epidermic  cells  at  the  bottom  of  a flask- shaped  follicle, 
j which  is  formed  in  the  substance  of  the  true  skin,  and  which  is 
j supplied  with  abundance  of  blood  by  a special  distribution  of  vessels 
I to  its  walls.  When  a hair  is  pulled-out  ‘ by  its  root,’  its  base  ex- 
I hibits  a bulbous  enlargement,  of  which  the  exterior  is  tolerably 
I firm,  whilst  its  interior  is  occupied  by  a softer  substance,  which 
y is  known  as  the  ‘ pulp  and  it  is  to  the  continual  augmentation 
I of  this  pulji  in  the  deeper  ]:iart  of  the  follicle,  and  to  its  conversion 
I into  the  peculiar  substance  of  the  hair  when  it  has  been  pushed 
I upwards  to  its  narrow  neck,  that  the  growth  of  the  hair  is  due. — 
I The  same  is  true  of  feathers,  the  stems  of  which  are  but  hairs  on  a 
fl  larger  scale  ; for  the  ‘ quill’  is  the  part  contained  within  the  folHcle 
answering  to  the  ‘ bulb’  of  the  hair  ; and  whilst  the  outer  part  of 
this  is  converted  into  the  peculiarly-solid  horny  substance  forming 
•the_‘  barrel’  of  the  quill,  its  interior  is  occupied,  during  the  whole 
period  of  the  growth  of  the  feather,  with  the  soft  pulp,  only  the 
shrivelled  remains  of  which,  however,  are  found  within  it  after  the 
quill  has  ceased  to  grow. 

661.  Although  the  hairs  of  different  Mammals  differ  greatly  in 
the  appearances  they  present,  we  may  generally  distinguish  in 
them  two  elementaiy  parts — namely,  a cortical  or  investing  sub- 
stance, of  a dense  horny  texture,  and  a medullary  or  pith-like  sub- 
'Stance,  usually  of  a much  softer  texture,  occupying  the  interior. 
The  former  can  sometimes  be  distinctly  made-out  to  consist  of 
'flattened  scales  an-anged  in  an  imbricated  manner,  as  in  some  of 
:the  hairs  of  the  Sable  (Fig.  449) ; whilst,  in  the  same  hairs,  the 

• medullary  substance  is  comi^osed  of  large  spheroidal  cells.  In  the 
.Musk-deer,  on  the  other  hand,  the  cortical  substance  is  nearly 
undistinguishable  ; and  almost  the  entire  hair  seems  made  up  of 

• thin-walled  polygonal  cells  (Fig.  460).  The  hair  of  the  Reindeer, 

• though  much  largei’,  has  a very  similar  structure  ; and  its  cells, 

• except  near  the  root,  arc  occupied  with  hair  alone,  so  as  to  seem 
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black  by  transmitted  light, 
which  they  are  mounted. 


except  when  penetrated  by  the  fluid  in 
in  the  hair  of  the  Mouse,  Squirrel,  and 


Fig.  449. 


Fig.  4i)0. 


Fig.  451. 


rounded  cells  in  its 
flf^ttened  cells. 

■ polylonal  celir  '^^^sisting  almost  entirely  of 

1’  ">•  “'■‘■'=‘‘1  ™l>staMe  form, 

c tube,  which  we  see  crossed  at  intervals  by  partitions  that  are 

sometimes  complete,  some- 
times only  jiartial;  these 
are  the  walls  of  the  single 
or  double  line  of  cells,  of 
which  the  medullary  sub- 
stance is  made-up.  The 
hairs  of  the  Bat  tribe  .are 
commonly  distinguished  by 
the  jirojections  on  their 
surface,  which  are  formed 
by  extensions  of  the  com- 
jionent  scales  of  the  coidical 
substance : these  are  par- 
ticularly well  seen  in  the 
hairs  of  one  of  the  Indian 
species,  which  has  a set  of 
whorls  of  long  narrow  leaf- 
lets (so  to  speak)  arranged 
at  regular  intervals  on  its 
stem  (c).  In  the  hair  of 
the  Pecari  (Fig.  452),  the 
cortical  envelope  sends  iu- 
, . ,1  . wards  a set  of  radial  pro- 

longations, the  intersjiaces  of  which  are  occujiied  by  the  jiolygonal 
cells  of  the  medullary  substance ; and  tliis,  on  a larger  scale,  is  the 
structure  of  the  ‘ quills’  of  the  Porcuqnne ; the  radiating  partitions 
ot  which,  when  seen  through  the  more  transiiareut  jiarts  of  the 


A,  Small  Hair  of  Squirrel; — n,  Large  Hair 
of  Squirrel : — C,  Hair  of  Indian  But. 


STRUCTURE  OF  HUMAN  HAIR. 
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cortical  slieatli,  give  to  the  surface  of  the  latter  a fluted  appearauce. 
The  hair  of  the  Oniitliorhynchus  in  a very  curious  object;  for  whilst 
the  lower  part  of  it  resembles  the  flue 
liah  of  the  Mouse  or  Squirrel,  this  thins  Fig,  452. 

away  and  then  dilates  again  into  a 
very  thick  fibre,  having  a central  por- 
tion comjiosed  of  polygonal  cells,  en- 
closed in  a flattened  sheath  of  a brown 
fibrous  substance. 

662.  The  structure  of  the  human 
Hair  is  in  certain  respects  peculiar. 

When  its  outer  surface  is  examined,  it  Transverse  section  of  Hair  of 
is  seen  to  be  traversed  by  irregular  lines  ' I’eoari. 

(Fig.  453,  a),  wliich  are  most  strongly 

marked  in  foetal  hairs  ; and  these  are  the  indications  of  the  imbri- 
cated arrangement  of  the  flattened  cells  or  scales  which  form  the 
cuticular  layer.  This  layer,  as  is  shown  by  transverse  sections 
(c,  d),  is  a very  thin  and  transparent  cylinder;  and  it  encloses  the 
peculiar  fibrous  substance  that  constitutes  the  principal  part  of  the 
shaft  of  the  hair.  The  constituent  fibres  of  this  substance,  which 
are  marked-out  by  the  delicate  striae  that  may  be  traced  in  longi- 
tudinal sections  of  the  hair  (b),  may  be  separated  from  each  other 
by  crushing  the  hair,  especially  after  it  has  been  macerated  for 
some  time  in  sulphuiic  acid  ; and  each  of  them,  when  completely 


Structure  of  Hunwn  Hair: — A,  oxtci-nal  surface  of  tLe  sliaft,  sliowiug 
the  transverse  strite  and  jagged  bouudary  caused  by  the  imbrications 
of  the  cuticular  layer  ; n,  longitudinal  section  of  the  shaft,  showing 
the  fibrous  character  of  the  cortical  substance,  and  the  arrangement 
of  the  pigmentiiry  matter;  C,  transverse  section,  showing  the  distinc- 
tion between  the  cuticular  envelope,  the  cylinder  of  cortical  substance, 
and  the  medullary  centre;  n,  anotlicr  transverse  section,  showing 
fleficiency  of  the  central  cellular  substance. 

isolated  fi'om  its  fellows,  is  found  to  be  a long  spindle-shaped  cell. 
In  the  axis  of  this  fibrous  cylinder  there  is  very  commonly  a band 


Fig.  453. 
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which  IS  fomied  of  spheroidal  cells ; hut  this  ‘medullarv’  subst'jnpp 

«catteredTerVe  M 

The\up°n/^^^  not  always  present  in  those  of  the  head^ 

ihe  hue  of  the  Hair  IS  due  partly  to  the  presence  of  r)io-mp,^+n^; 

granules,  either  collected  into  patches,  or  diffused  through  iti 
mbstanoe;  but  partly  also  to  the  eaisteuoe  of  “muEde  oJ 
minute  an -spaces,  wliich  cause  it  to  appear  dark  hy  transmitted 
and  white  by  reflected  light.  The  celli  of  the  mX Ta^-yTris In 
j^articular,  are  very  commonly  found  to  contain  air,  givino-  it  the 
black  appearance  shown  at  c.  The  difference  between  the  blaeK 
ness  of  jiigment  and  that  of  air-spaces  may  be  readily  determined 

Oil  of  hy  watc  nng  the  effects  of  the  penetration  of 

Oi  of  Tuipentine  or  other  liquids,  which  do  not  alter  the  appear- 
ance of  pigment-spots,  but  obliterate  all  the  markings  produS  by 
^1 -spaces,  these  returning  again  as  the  hair  dries.— In  mountini 
Hairs  as  ^icroscopic  pijparations,  they  should  in  the  first  instanc? 
be  cleansed  of  all  their  fatty  matter  by  maceration  in  ether;  and 

S mSX*  tr  balsam, 

thought  preferable,  the  former  menstruum  being  well 

adapted  to  display  the  characters  of  the  finer  and  more  transparent 

the  coarser  and  more  opaque.  Transverse  sections  of 

thpn  several  together,  and 

then  putting  them  into  the  Microtome ; those  of  Huma^i  hair  may 

be  easily  obtained,  however,  by  shaving  a second  time,  veiw  closely 

ghtly  and  by  picking-oi^  from  the  lather,  and  carefully  washing, 
the  sections  thus  taken-off. 

663.  The_  stems  ot  feathers  exhibit  the  same  kind  of  structure  as 
their  cortical  portion  being  the  horny  sheath  that  envelopes 
wlf-  p in  their  medullary  portion  being  the  pith-like  substance 
which  that  sheath  includes.-  In  small  feathers,  tliis  may  usuallv 
be  made  very  plain  by  mounting  them  in  Canada  balsam  ; in  large 
feathers,  however,  the  texture  is  sometimes  so  altered  by  the  drying 
up  of  the  pith  (the  cells  of  which  are  always  found  to  be  occupied 
by  air  alone),  that  the  cellular  structure  cannot  be  demonstrated 
save  y boi  ing  thin  slices  in  a dilute  solution  of  potass,  and  not 
a ways  even  then.  In  small  feathers,  esjiecially  such  as  have  a 
owny  c lai  acter,  the  cellular  structure  is  very  distinctH  seen  in 
the  lateral  barhs,  which  are  sometimes  found  to  be  composed  of 
pear-shaped  cells,  laid  end-to-end;  but  in  larger 
feathers  it  is  usually  necessary  to  increase  the  transparence  of  tlie 
barbs,  especially  when  these  are  thick  and  but  little  perHous  to 
ight,  either  by  soaking  them  in  turpentine,  mounting  them  in 
yanada  balsam,  or  boiling  them  in  a weak  solution  of  potass.  1 u 
feathem  which  are  destined  to  strike  the  air  with  great  fca-cc  in  the 
act  of  flight,  we  find  each  barb  fringed  on  either  side  with  slender 
flattened  filaments  or  ‘ liarbules  ;’  the  barbules  of  one  side  of  each 
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barb  are  furnished  with  curved  hooks,  whilst  those  of  the  other 
side  have  thick  turned-up  edges  ; and  as  the  two  sets  of  Imrbules 
tliat  spring  from  two  adjacent  barbs  cross  one  another  at  an  angle, 
and  as  each  hooked  barbule  of  one  locks  into  the  thickened  edge 
of  several  barbules  of  the  other,  the  barbs  are  connected  very 
firmly,  in  a mode  very  similar  to  that  in  which  the  anterior  and 
posterior  wings  of  certain  Hymenopterous  Insects  are  locked 
together  (§  638). — Feathers  or  portions  of  feathers  of  Birds  distin- 
guished by  the  splendour  of  their  plumage  are  very  good  objects  for 
low  magnifying  powers,  when  illuminated  on  an  opaque  ground  ; 
but  care  must  be  taken  that  the  light  falls  upon  them  at  the  angle 
necessary  to  produce  their  most  brilliant  refiection  into  the  axis  of 
the  Microscope;  since  feathers  which  exhibit  the  most  splendid 
metaUic  lustre  to  an  observer  at  one  point,  may  seem  very  dull  to 
the  eye  of  another  in  a different  position.  The  small  feathers  of 
Humming-birds,  portions  of  the  feathers  of  the  Peacock,  and  others 
of  a like  kind,  are  well  worthy  of  examination  ; and  the  scientific 
Microscopist,  who  is  but  little  attracted  by  mere  gorgeousness,  may 
well  apply  himself  to  the  discovery  of  the  j>eculiar  structure  which 
imparts  to  these  objects  their  most  remarkable  character. 

664.  Sections  of  horns,  hoofs,  claius,  and  other  like  modifications 
of  Epidermic  stiaictiire, — which  can  be  easily  made  by  the  Microtome 
(§  184),  the  substance  to  be  cut  having  been  softened,  if  necessary, 
by  soaking  in  warm  water, — -do  not  in  general  afford  any  very 
interesting  features  when  viewed  in  the  ordinary  mode  ; but  there 
are  no  objects  on  which  Polarized  light  produces  more  remark- 
able effects,  or  which  display  a more  beautiful  variety  of  colours 
when  a plate  of  Selenite  is 
placed  behind  them  and 
the  analyzing  prism  is 
made  to  rotate.  A curious 
modification  of  the  ordi- 
nary structure  of  Horn  is 
jiresented  in  the  appen- 
dage borne  by  the  Bhino- 
ceros  upon  its  snout, 
which  in  many  points  re- 
sembles a bundle  of  hairs, 

. its  substance  being  ar- 
ranged in  minute  cy fin- 
ders around  a number  of 
separate  centres,  which 
have  probably  been  form- 
ed by  independent  papilla; 

(Fig.  454).  When  trans- 
verse sections  of  these  Transverse  section  of  Korn  of  Jt/imoceros, 
cylinders  are  viewed  by  viewed  by  rolnrized  Light, 

polarized  fight,  each  of 

them  is  seen  to  be  marked  by  a cross,  somewhat  resembling  that  of 
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btarcli-grains;  and  the  light  and  shadow  of  this  cross  are  replaced 
by  contrasted  colours  when  the  Selenite  plate  is  interposed.--The 
substance  commonly  hut  erroneously  termed  lohalebnne,  which  is 
lormed  from  the  surface  of  the  membrane  that  lines  the  mouth  of 
the  Whale,  and  has  no  relation  to  its  true  bony  skeleton,  is  almost 
identical  in  structure  with  Ehinoceros  horn,  and  is  similarly  affected 
light.  The  central  portion  of  each  of  its  component 
threads,  hke  the  medullary  substance  of  Hairs,  contains  cells  that 
have  been  so  little  altered  as  to  be  easily  recognized ; and  the  outer 
or  cortical  portion  also  may  be  shown  to  have  a like  structure,  by 
macerating  it  in  a solution  of  potass,  and  then  in  water. — Sections 
Horny  tissues  are  best  mounted  in  Canada  balsam. 

665.  Blood. — Carrying  our  Microscopic  surve}^  now,  to  the 
elementary  parts  of  which  those  softer  tissues  are  made  up  that 
are  subservient  to  the  active  life  of  the  body  rather  than  to  its 
merely-mechanical  requirements,  we  shall  in  the  first  place  notice 
tile  isolated  floating  cells  contained  in  the  Blood,  which  are  known  as 
Blood-corpuscles.  These  are  of  two  kinds  ; the  ‘ red,’  and  the  ‘ white' 
or  ‘ colourless.’— The  red  present,  in  every  instance,  the  form  of  a 
flattened  disk,  which  is  circular  in  Man  and  most  Mammalia 
(Fig._  456),  but  is  oval  in  Birds,  Keptiles  (Fig.  455),  and  Fishes,  as 
also  in  a few  Mammals  (all  belonging  to  the  Camel  tribe).  In  the  one 
form,  as  in  the  other,  these  corpuscles  seem  to  be  flattened  cells, 
the  walls  of  which,  however,  are  not  distinctly  differentiated  from 
the  ground-substance  they  contain  ; as  appears  fromthe  changes  of 
form  which  they  spontaneously  undergo  when  ke]it  by  means  of  a 
‘ warm  stage’*  at  a temperature  of  about  100°,  and  from  the  effects 
of  pressure  in  breaking  them  up.  The  red  corpuscles  in  the  blood 
of  Oviparous  Vertebrata  are  distinguished  by  the  presence  of  a 
central  spot  or  nucleus ; this  is  most  distinctly  brought  into  view 
by  treating  the  blood-disks  with  acetic  acid,  which  causes  the 
nucleus  to  shrink  and  become  more  opaque,  whilst  rendering  the 
reniaining  jrortion  extremely  transjrarent  (Fig.  455,  d).  By  ex- 
amining unaltered  red  corpuscles  of  the  Frog  or  Hewt  under  a 
sufficiently  high  magnifying  power,  the  nucleus  is  seen  to  be 
traversed  by  a network  of  filaments,  which  extends  from  it 

* A very  simple  mode  of  fipplyiug:  continued  wanntli  to  .an  object  under 
observation,  is  to  lay  the  slide  on  a tbiu  plate  of  brass  or  tin.  about  3 inclie.^ 
longer  tliau  the  breadth  of  the  stage,  and  about  2 inches  broad  ; which  must 
bo  perforated  with  a hole  about  l-4th  inch  in  di.ameter,  at  the  distance  of  half 
the  breadth  of  the  stage  from  one  end  of  it.  When  this  plate  is  laid  on  the 
.stage,  and  its  hole  is  brought  into  the  optic  axis,  so  as  to  allow  the  light 
rejected  upwards  from  the  mirror  to  pass  to  the  slide  laid  upon  it,  the  plate  will 
project  about  3 inches  on  one  side  of  the  stage. — preferably  the  right.  By 
placing  a small  lamp  beneath  this  projection  and  keeping  the  linger  of  the  left 
hand  on  the  part  of  the  plate  close  to  the  object  (so  as  to  feel  the  degree  of 
warmth  imparted  to  it),  the  heat  given  by  the  lamp  may  bo  regul.atcd  by 
varying  its  position. — For  more  e.xact  and  contiuuotis  regul.ation  of  the 
temperature,  recourse  may  be  had  to  the  ‘warm  stage’  devised  by  Prof. 
8chiifer  and  made  by  Mr.  Casella,  which  is  travers(>d  by  a current  of  warm 
water.  See  “ Quart.  Journ.  of  Microsc.  Sci.,”  N.S.,  Vol.  xiv.  (1874),  p.  3!M. 
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througlioiit  tlie  groimd-substance  of  tlie  corpuscle,  constituting  an 
mtra-celluliu-  reticulation. — The  red  corpuscles  of  the  blood  of 
Mammals  however, _ possess  no  distinguishable  nucleus;  the  dark 
spot  which  IS  seen  in  their  centre  (Fig.  456,  h)  being  merely  an 
I - consequent  upon  the  double-concave  fo/m  of 

1 the  disk.  When  these  corpuscles  are  treated  with  water,  so  that 
their  form  becomes  first 

fiat,  and  then  double-  Pig.  455. 

convex,  the  dark  spot  dis- 
appears ; whilst, , on  the 
other  hand,  it  is  made  more 
evident  when  the  concavity 
is  increased  by  the  partial 
shrinkage  of  the  cor- 
puscles, which  may  be 
brought  about  by  treating 
them  with  fluids  of  greater 
density  than  their  own 
substance.  When  floating 
in  a sufficiently  thick  stra- 
tum of  blood  drawn  from 
the  body,and  placed  under 
a cover-glass,  the  red  cor- 
puscles show  a marked  tendency  to  approach  one  another,  adhering 
by  their  discoidal  surfaces  so  as  to  present  the  aspect  of  a pile 
of  corns;  or,  if  the  stratum 
be  too  thin  to  admit  of  this, 
partially  overlapping,  or  sim- 
ply adhering  by  their  edges, 
which  then  become  polygonal 
instead  of  circular.  The  size 
of  the  red  corpuscles  i.s  not 
altogether  uniform  in  the 
.same  blood ; thus  it  varies 
that  of  Man  from  about 


Red  Corpuscles  of  Frog's  Blood  :—a  a,  their 
flattened  face,  b,  particle  turned  nearly  edge- 
Avays ; c,  colourless  corpuscle ; d,  red  cor- 
puscles altered  by  diluted  acetic  acid. 


Pig.  45G, 


in 

the  l-4000th  to  the  l-2800th 
of  an  inch.  But  we 

rally  find  that  there  is  an  Red  Corpuscles  of  Blood;  repre- 

average size,  which  is  pretty  sented  at  a,  as  they  are  seen  when  rathei- 
‘ constantly  maintained  among  v'ithin  the  focus  of  the  Microscope,  and 
‘the  different  individuals  of  they  appear  when  precisely  in  the 

■.  the  same  species ; that  of  Man 

.maybe  stated  at  about  l-3200th  of  an  inch.  The  following  Table'^ 
■ exhibits  the  average  dimensions  of  some  of  the  most  interesting 
• examples  of  the  red  corpuscles  in  the  four  classes  of  Yertebrated 
.Animals,  expressed  in  fractions  of  an  inch.  Where  two  measurements 
:are  given,  they  are  the  long  and  the  short  diameters  of  the  same 

. * These  measurements  .ore  chiefly  selected  from  those  given  by  Mr.  Gulliver 
im  his  edition  of  Hewson’s  Works,  p.  236  et  seq.  ’ 
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MAMJtALS. 


Man  . . . 

Camel  .... 

1 -3254,  1-5921 

Dog  . . . 

. . . . 1-3542 

Llama  .... 

1-3361,  1-6294 

Whale  . . 

. . . . 1-.3099 

Java  Musk-Deer 

. . . 1-12325 

Elephant 

. . . . 1-2745 

Caucasian  Goat. 

. . . 1-7045 

Mouse  . . 

Two-toed  Sloth 

. . . 1-2865 

BIEDS. 

Golden  Eagle 

. 1-1812,  1-3832 

Ostrich  . . . 

1-1649,  1-3000 

Owl  . . . 

. 1-1830,  1-3400 

Cassowary  . . 

1-1455,  1-2800 

Crow  . . . 

. 1-1961,  1-4000 

Heron  .... 

1-1913,  1-3491 

Elue-Tit  . . 

. 1-2313.  1-4128 

Fowl  .... 

1-2102,  1-3466 

Parrot . . . 

. 1-1898,  1-4000 

Gull  .... 

1-2097,  1-4000 

EEPTILES  AND  BATEACRlA. 

Turtle  . . . 

. 1-1231,  1-1882 

Prog  .... 

1-1108,  1-1821 

Crocodile  . . 

. 1-1231,  1-2286 

Water-Newt 

1-8014,  1-1246 

Green  Lizard 

. 1-1555,  1-2743 

Siren  .... 

l-420;  1-760 

Slow-worm  . 

. 1-1178,  1-2666 

Proteus  . . . 

1-400,  1-727 

Viper  . . . 

. 1-1274,  1-1800 

Amphiuma  . . 

1-345,  1-561 

EISHES. 

Perch  . . . 

. 1-2099,  1-2824 

Pike  .... 

1-2000,  1-3555 

Carp  . . . 

. 1-2142,  1-3429 

Eel 

1-1745,  1-2842 

Gold-I'ish 

. 1-1777,  1-2824 

Gymnotus  . . 

1-1745,  1-2599 

corpuscles.  (See 

also  Fig.  457.) 

Thus  it  aiDixears 

that  the  smallest 

red  corj)uscles  known  are  tliose  of  tire  JSTush-deev ; whilst  the 
largest  are  those  of  that  cnrious  group  of  Batrachia  (Frog- tribe) 
wliich  retain  the  gills  through  the  whole  of  life ; and  one  of  the 
oval  blood-disks  of  the  Trotetis,  being  more  than  30  times  as  long 
and  17  times  as  broad  as  those  of  the  Musk-deer,  would  cover  no 
fewer  than  510  of  them. — Those  of  the  Ampliiuma  are  still  larger.* — 
According  to  the  estimate  of  Vierordt,  a cubic  inch  of  Human 
blood  contains  nj^wards  of  eighty  millions  of  red  corpuscles,  and 
nearly  a quarter  of  a million  of  the  colourless. 

666.  The  white  or  ‘ colourless’.' corpnscle.s  are  more  readily  distin- 
guished in  the  blood  of  Reptiles  than  in  that  of  Man  ; being  in  the 
former  case  of  much  smaller  size,  as  well  as  having  a circular  out- 
line (Fig.  455,  c) ; whilst  in  the  latter  their  size  and  contour  are 
so  nearly  the  same,  that,  as  the  red  corpuscles  themselves,  when 
seen  in  a single  layer,  have  but  a veiy  pale  hue,  the  deficiency  of 
colour  does  not  sensibly  mark  their  difference  of  nature.  The  pro- 
portion of  ivhite  to  red  corpuscles  being  scarcely  ever  greater  (in  a 
healthy  Man)  than  1 to  250,  and  often  as  low  as  from  one-half  to 
one-quarter  of  that  ratio,  there  are  seldom  man}'  of  them  to  he 
seen  in  the  field  at  once  ; and  these  may  be  recognized  rather  by 
their  isolation  than  their  colour,  especially  if  the  glass  cover  be 
moved  a little  on  the  slide,  so  as  to  cause  the  red  corpx;scles  to  be- 
come aggx’egated  into  I’ows  and  irregular  masses. — It  is  remarkable 

* A very  iiitere'sting  .account  of  tlio  ‘Structure  of  the  Red  Coi’puscle.s  of  the 
Amphiiima  tridactijlvm'  has  been  piven  by  Dr.  IT.  D.  Sclimidt,  of  New 
Orleans,  in  the  “Journ.  of  tlio  llo^ail  Mici'osc.  Society,’’  Vol.  i.  (187!^). 
pp.  57,  ['7. 
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that,  notwithstanding  the  great  variations  in  the  sizes  of  the  red 
corpuscles  in  different  species  of  Yertebrated  animals,  the  size 
of  the  white  is  extremely  constant  throughout,  their  diameter 
bemg  seldom  much  greater  or  less  than  1 -3000th  of  an  inch 
’ m the  warm-blooded  classes,  and  l-2500th  in  Eeptiles.  Their 
ordinary_  form  is  globular  ; but  their  aspect  is  subject  to  conside- 
rable variations,  which 

seem  to  depend  in  great  Fig.  457. 

jiart  upon  their  phase 
of  development.  Thus, 
in  their  early  state,  in 
which  they  seem  to 
be  identical  with  the 
corpuscles  found  float- 
ing in  chyle  and  lymph, 
they  seem  to  be  nearly 
homogeneous  particles 
of  protoplasmic  sub- 
stance : but  in  their 

more  advanced  con  - 
dition,  according  to 
Dr.  Klein,  their  sub- 
stance consists  of  a re- 
ticulation of  very  fine 
contractile  protoplas- 
mic fibres,  termed  the 
‘ intra  - cellular  net- 
work;’ in  the  meshes 
of  which  a hyaline 
interstitial  material  is 
included;  and  which 
is  continuous  with  a 
similar  network  that 
can  be  discerned  in  the 
substance  of  the  single 
or  double  n ucleu  s,  when 
this  comes  into  view 
after  the  withdrawal  of  Comparative  sizes  of  Red  Blood-Corpuscles: — 
these  corpuscles  from  Man ; 2.  Elephant ; 3.  Musk-Deer ; 4.  Drome- 
the  bodv.  In  their  dary;  5.  Ostrich  ; 6.  Pigeon  ; 7.  Humming  Bird ; 

living  4te,  however,  | ''  ‘ 

wiiilst  circulating  in 

the  vessels,  the  white  corpuscles,  although  clearly  distinguishable  in 
the  slow-moving  stratum  in  contact  with  their  walls  (the  red  cor- 
puscles rushing  rapidly  through  the  centre  of  the  tube),  do  not 
usually  show  a distinct  nucleus.  This  may  be  readily  brought  into 
view  by  treating  the  corpuscles  with  water,  which  causes  them  to 
swell  up,  become  granular,  and  at  last  disintegrate,  with  the  emis- 
sion of  granules  which  may  have  been  previouslv  seen  in  active 
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molecular  movement  within  the  corpuscle,— When  the  white  cor- 
puscles in  a drop  ot  freshly  drawn  blood  are  carefully  watched  for 
a short  time,  they  may  be  observed  to  undergo  changes  of  form, 
and  even  to  move  from  place  to  place,  after  the  manner  of  Amaiboi 
(§  403).  When  thus  moving,  they  engulf  particles  which  lie  in 
t.heir  course — such  as  granules  of  vermilion  that  have  been  injected 
into  the  blood-vessels  of  the  living  animal, — and  afterwards  eject 
these,  in  the  like  fashion.  Such  movements  will  continue  for  some 
time  in  the  colourless  corpuscles  of  cold-blooded  animals,  but  still 
longer  if  they  are  kept  in  a temperature  of  about  75°.  The  movement 
will  speedily  come  to  an  end,  however,  in  the  white  corpuscles  of  Afan 
or  other  warm-blooded  animals,  unless  the  slide  is  kept  on  a warm 

stage  at  the  temperature 
of  about  100°  P.  A remark- 
able example  of  an  extreme 
change  of  form  in  a white 
corpuscle  of  Human  blood, 
is  represented  in  Fig.  458. 
Similar  changeshave  been 
observed  also  in  the  cor- 
puscles floating  in  the  cir- 
culating fluid  of  the  higher 
Invertebrata,  as  the  Crab, 
which  resemble  the  ‘ white’ 
corpuscles  of  Yertebrated 
blood,  rather  than  its  ‘ red’ 
corpuscles, — these  last,  in 
fact,  being  altogether  pe- 
culiar to  the  circulatiag 
fluid  of  Yertebraited  ani- 
mals. 

667.  In  examining  the  Blood  microscopically,  it  is,  of  course, 
important  to  obtain  as  thin  a stratum  of  it  as  possible,  so  that  the 
corpuscles  may  not  overlie  one  another.  This  is  best  accomplished 
by  selecting  a piece  of  thin  glass  of  perfect  flatness,  and  then, 
ha.ving  received  a small  drop  of  Blood  upon  a glass  sHde,  to  lay  the 
thin-glass  cover  not  itpon  this,  but  with  its  edge  just  touching  the 
edge  of  the  drop;  for  the  blood  will  then  be  drawn-in  by  capillary 
attraction,  so  as  to  spread  in  a uniformly- thin  layer  between  the 
two  glasses.  Such  tliin  films  may  be  preserved  in  the  liquid  state 
by  applying  a cover-glass  and  cementing  it  with  gold  size  before 
evaporation  has  taken  2flace ; but  it  is  preferable  first  to  exjiose 
the  drop  to  the  vapour  of  Osmic  acid,  and  then  to  apjily  a drop  of 
a weak  solution  of  Acetate  of  Potass ; after  which  a cover-^lass 
may  be  put  on,  and  secui*ed  with  gold-size  in  the  usual  way.  It  is 
far  simpler,  however,  to  allow  such  films  to  dry  without  any  cover, 
and  then  merely  to  cover  them  for  protection  ; and  in  this  condition 
the  general  characters  of  the  corpuscles  can  be  very  well  made-out, 
notwithstanding  that  they  have  in  some  degree  shrivelled  by  the 


Fig.  458. 


Altered  White  Corpuscle  of  Blood,  an  hour 
after  having  been  drawn  from  the  finger. 
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' 5^-  yindergone.  And  this  method  is  particularly 

- serviceable,  as  aflording  a fair  means  of  comparison,  when  the 
.assistance  of  the  Microscopist  is  sought  in  determining,  for  Medico- 
ilepl  purposes,  the  source  of  suspicious  blood-stainsf  the  average 
I . dimensions  of  the  dried  blood-corpuscle  of  the  several  domestic 
M ^ ^ sufficiently  different  from  each  other,  and  from  those 
■ ot  Man,  to  allow  the  nature  of  any  specimen  to  be  pronounced-upon 
'■with  a high  degree  of  probability. 

668.  Simple  Fibrous  Tissues. — A very  beautiful  example  of  a 
ttissue  of  this  kind  is  furnished  by  the  membrane  of  the  common 
‘ ® winch  (as  may  be  seen  by  examining  an  egg  whose 

bshell  rem^s  soft  for  want  of  consolidation  by  calcareous  particles) 
iconsists  of  two  prmcipal  layers,  one  serving  as  the  basis  of  the  shell 
iitselr,  and  the  othei*  forming  that 
1 lining  to  it  which  is  known  as  the 
rmembrana  putaminis.  The  latter 
rmay  be  separated  by  careful  tearing 
"with  needles  and  forceps,  after 
^prolonged  maceration  in  water,  into 
^several  matted  lamellse' resembling 
tfchat  represented  in  Fig,  459  ; and 
similar  lamellie  may  be  readily 
oibtained  from  the  shell  itself,  by 
blissol'ving  away  its  lime  by  dilute 
acid.* — The  simply-fibrous  struc- 
■ures  of  the  body  generally,  how- 
belong  to  one  of  two  very 
Uefinite  kinds  of  tissue,  the  ‘ white’ 


Fig.  459. 


Fibrous  membrane  from 
Egg-shell. 

imd  the  ‘yellow,’ whose  appearance,  composition,  and  properties 
^•.re  very  different.  The  loliite 


1 .brous  tissue,  though  sometimes 
I'.  pparently  composed  of  distinct 
i ffires,  more  commonly  presents 
. he  aspect  of  bands,  usually  of  a 
I .attened  form,  and  attaining  the 
■ readth  of  l-500th  of  an  inch, 
fffiich  are  marked  by  numerous 
mgitudinal  streaks,  but  can 
eldom  be  tom-up  into  minute 
ibres  of  determina'te  size.  The 
ibres  and  bands  are  occasionally 
romewhat  wavy  in  their  direction ; 
nd  they  have  a peculiar 'tendency 
) fall  into  undulations,  when  it  is 
f.t'temp'ted  to  tear  them  apart  from 
ich  other  (Fig.  460).  This  tissue 
easily  distinguished  from  the 


Fig.  4G0. 


White  Fibrous  Tissue  from  Liga- 
meut 

For  an  ^count  of  the  curious  fonn  in  which  the  Oiirbonato  of  Lime  is 
pposed  m the  Egg-shell,  see  § 710. 
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other  by  the  efiPect  of  Acetic  acid,  which  swells  it  up  aud  renders  it 
transparent,  at  the  same  time  bringing  into  view  certain  oval  nuclear 
particles  of  ‘germinalmatter,’ which  are  known  as  ‘connective-tissue 
corpuscles’  (§  651).  These  are  relatively  much 
larger,  and  their  connections  more  distinct,  in 
the  earlier  stages  of  the  formation  of  this  tissue 
( Pig.  461).  It  is  perfectly  inelastic ; and  we  find 
it  in  such  parts  as  tendons,  ordinary  ligaments, 
fibi’ous  capsules,  &c.,  whose  function  it  is  to 
resist  tension  without  yielding  to  it.  It  con- 
stitutes, also,  the  organic  basis  or  matrix  of 
bone ; for  although  the  substance  which  is  left 
when  a bone  has  been  macerated  sufficiently 
long  in  dilute  acid  for  all  its  Mineral  components 
to  be  removed,  is  commonly  designated  as  carti- 
lage, this  is  shown  by  carefulhlicroscopic  analysis 
not  to  be  a correct  description  of  it ; since  it 
does  not  show  any  of  the  characteristic  structure 
of  cartilage,  but  is  capable  of  being  tom  into 
lamellae,  in  which, if  sufficiently  thin,  the  ordinary 
structure  of  a fibrous  membrane  can  be  distin- 
guished.— The  yelloiv  fibrous  tissue  exists  in  the 
form  of  long,  single,  elastic,  branching  filaments, 
with  a dark  decided  border  ; which  are  disposed 
to  curl  when  not  put  on  the  stretch  (Fig.  462), 
and  frequently  anastomose,  so  as  to  form  a 
network.  They  are  for  the  most  part'between 
l-5000th  and  1 -10,000th  of  an  inch  in  diameter; 
but  they  are  often  met  with  both  larger  and 
smaller.  This  tissue  does  not  undergo  any 
change,  when  treated  with  Acetic  acid.  It  exists  alone  (that  is 

without  any  mixture  of 
thewliite)in  parts  which 
require  a peculiar  elas- 
ticity, such  as  the  middle 
coat  of  the  arteries,  the 
‘ vocal  cords,’  the  ‘ liga- 
mentum  nuchae’  of 
Quadrupeds,  the  elastic 
ligament  wliich  holds 
together  the  valves  of 
a Bivalve  shell,  and 
that  by  which  the  claws 
of  the  Fehne  tribe  are 
retracted  when  not  in 
use ; and  it  enters  largely 
Yclloio  Fibrous  Tissue  from  Ligamciitinn  into  the  composition  of 
Nuchic  of  Calf.  areolar  or  connective 

tissue. 


Fig.  4G2. 


Fig.  4G1. 


Portion  of  yonug 
Tendon,  showing 
the  corpuscles  of 
Germinal  Matter, 
with  their  stellate 
prolongations, inter- 
posed among  its 
libres. 
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•369.  The  tissue  formerly  known  to  Anatomists  as  ‘ cellular,’  biit 
now  more  properly  designated  coiDiectioe  or  areolar  tissue,  consists 
of  a network  of  minute  fibres  and  bands,  which  are  interwoven  in 
eveiy  dii'ection,  so  as  to  leave  innumerable  areolce  or  little  spaces 
that  communicate  freely  with  one  another.  Of  these  fibres,  some 
are  of  the  ‘ yellow’  or  elastic  kind,  but  the  majority  are  composed 
of  the  ‘ white’  fibrous  tissue ; aud,  as  in  that  form  of  elementary 
structure,  they  frequently  present  the  condition  of  broad  flattened 
bands  or  membranous  shreds  in  which  no  distinct  fibrous  arrange- 
ment is  visible.  The  proportion  of  the  two  forms  varies,  according 
to  the  amount  of  elasticity,  or  of  simple  resisting  power,  which  the 
endowments  of  the  part  may  require.  We  find  this  tissue  in  a 
very  large  proportion  of  the  bodies  of  higher  Animals  ; thus  it 
binds  together  the  ultimate  muscular  fibres  into  minute  fasciculi, 
unites  these  fasciculi  into  larger  ones,  these  again  into  still  larger 
ones  which  are  obvious  to  the  eye,  and  these  into  the  entire  muscle  ; 
whilst  it  also  forms  the  membranous  divisions  between  distinct 
muscles.  In  like  manner  it  unites  the  elements  of  nerves,  glands, 
&c.,  binds  together  the  fat-cells  into  minute  masses  (Fig.  468),  these 
into  large  ones,  and  so  on  ; and  in  this  way  penetrates  and  forms 
part  of  all  the  softer  organs  of  the  body.  But  whilst  the  fibrous 
structures  of  which  the  ‘ formed  tissue’  is  composed  have  a purely 
mechanical  function,  there  is  good  reason  to  regard  the  ‘ connective- 
tissue-corpuscles’  which  are  everywhere  dispersed  among  them,  as 
having  a most  important  function  in  the  first  production  and  sub- 
sequent maintenance  of  the  more  definitely  organized  portions  of 
the  fabric  (§  650).  In  these  corpuscles,  distinct  movements,  analo- 
gous to  those  of  the  sarcodic  extensions  of  Rhizopods,  have  been 
recognized  in  transparent  parts,  such  as  the  cornea  of  the  eye 
and  the  tail  of  the  young  Tadpole,  by  observations  made  on  these 
parts  whilst  living. — For  the  display  of  the  characters  of  tin; 
fibrous  tissues,  small  and  thin  shreds  may  be  cut  with  the  curved 
scissors  (§  183)  from  any  part  that  affords  them ; and  these  must  be 
tom  asunder  with  needles  under  the  simple  Microscope,  until  the 
fibres  are  separated  to  a degree  sufficient  to  enable  them  to  be 
examined  to  advantage  under  a higher  magnifying  power.  The 
difference  between  the  ‘ white’  and  the  ‘ yellow’  components  of  con- 
nective tissue  is  at  once  made  apparent  by  the  effect  of  Acetic  acid ; 
whilst  the  ‘ connective-tissue-corpuscles’  are  best  distinguished  by 
the  staining-pi'ocess  (§  200),  especially  in  the  early  stage  of  the 
formation  of  these  tissues  (Fig.  461). 

670.  Shin;  Mucous  and  Seroios  Menibranes. — The  Skin  which 
lorms  the  external  envelope  of  the  body,  is  divisible  into  two  prin- 
cipal layers  ; the  cutis  vera  or  ‘ true  skin,’  which  usually  makes  up 
by  far  the  larger  part  of  its  thickness,  and  the  ‘ cuticle,’ ‘ scarf - 
SKin,’  or  epidermis,  which  covers  it.  At  the  mouth,  nostrils,  and 
the  other  orifices  of  the  open  cavities  and  canals  of  the  body,  the 
skin  passes  into  the  membrane  that  lines  these,  which  is  dis- 
tinguished as  the  mucous  membrane,  from  the  peculiar  glairy 


i 

i 
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secretion  of  mucus  by  -wliich  its  surface  is  protected.  But  those  1 
great  closed  cavities  of  the  body,  vrhich  surround  the  heart,  lungs,  j 
intestines,  &c.,  are  lined  by  membranes  of  a dift'erent  kind  ; -which, 
as  they  secrete  only  a thin  serous  fluid  from  their  surfaces,  are 
kno-vm  as  serous  membranes.  Both  Mucous  and  Serous  membranes 
consist,  lilce  the  Skin,  of  a proper  membranous  basis,  and  of  a 
thin  cuticular  layer,  -which,  as  it  difi'ers  iu  man^  points  from  the 
epidermis,  is  distinguished  as  the  Epithelium  (§  673). — The  sub- 
stance of  the  ‘ true  skin’  and  of  the  ‘ mucous’  and  ‘ serous’  mem- 
branes is  principally  composed  of  the  fibrous  tissues  last  described ; 
but  the  skin  and  the  mucous  membranes  are  very  copiously 
supplied  with  Blood-vessels  and  with  G-landulae  of  various  kiuds ; 

and  in  the  skin  we  also  find  abun- 
dance of  hlerves  and  Lymphatic 
vessels,  as  well  as,  in  some  i^arts, 
of  Hair-folhcles.  The  general  ap- 
pearance ordinaiily  presented  by  a 
thin  vertical  section  of  the  skin  of 
a part  furnished  -with  numerous 
sensory  papillce  (§  682),  is  shown  iu 
Eig.  463 : where  we  see  in  the 
deejDer  layers  of  the  cutis  ven-a  httle 
clumps  of  fat-cells,  /,  and  the  per- 
spiratory glanduljB,(/,c?, whose  ducts, 
e,  e,  pass  iipwards : whilst  on  its 
sui’face  we  distinguish  the  vascular 
papillm,  p,  supphed  -with  loops  of 
blood-vessels  from  the  trunk,  g,  and 
a tactile  p>apiUa,  t,  with  its  nerve 
twig.  The  spaces  between  the  pa- 
pillse  are  fiUed-up  by  the  soft 
‘ Malpighian  layer,’  m,  of  the  epi- 
dermis, A,  in  which  its  colouring 
matter  is  chiefly  contained,  whilst 
this  is  covered  by  the  horny  layer, 
h,  which  is  traversed  by  the  spirally 
twisted  continuations  of  the  per- 
sp)hatory  ducts,  opening  at  s upon 
the  surface,  which  jjresents  alter- 
nating depi'essions,  a,  and  eleva- 
tions, h. — The  distribution  of  the 
blood-vessels  iu  the  Skin  and  Mu- 
supplying  the  v.-iscuiar  papilla!;?;  cous  membranes,  which  is  one  of 
one  of  the  tactile  papilla?  with  thg  most  interesting  features  in 
its  nerve.  their  structure,  and  which  is  in- 

timately connected  with  their  several  functions,  will  come  under 
our  notice  hereafter  (Figs.  479,  482,  483).  In  Serous  membranes, 
on  the  other  hand,  whose  function  is  simply’-  protective,  the  supply 
of  Blood-vessels  is  more  scanty. 


Fig.  4G3. 


Vertical  Section  of  Skin  of  Fin- 
ger : — A,  epidermis,  the  surface  of 
which  shows  depressions  a,  a,  be- 
tween the  eminences  b,  b,  on  which 
open  the  perspiratory  ducts  s ; at 
m is  seen  the  deeper  layer  of  the 
epidermis,  or  stratum  Malpighii : 
— n,  cutis  vera,  in  Avhich  are  im- 
bedded the  perspiratory  glands  d, 
with  their  ducts  e,  and  aggi-ega- 
tions  of  fat-cells/;  a,  arterial  twitr 
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671.  Epulet'-mic  and  Epithelial  G ell-layers. — Tlie  Epidermis  or 
cuticle  covers  tlie  wliole  exterior  of  the  body,  as  a thiu  semi- 
transparent pellicle,  which  is  shown  by  Microscopic  examination'  to 
consist  of  a series  of  layers  of  cells,  that  are  continually  wearing-off 
at  the  external  surface,  and  being  renewed  at  the  surface  of  the  true 
skin  ; so  that  the  newest  and  deepest  layers  gradually  become  the 
oldest  and  most  superficial,  and  are  at  last  thrown-off  by  slow 
desquamation.  In  their  progress  from  the  internal  to  the  external 
surface  of  the  epidermis,  the  cells  undergo  a series  of  well  marked 
changes.  When  we  examine  the  innermost  layer,  we  find  it  soft 
and  granular  ; consisting  of  germinal  corpuscles,  in  various  stages 
of  development  into  cells,  held  together  by  a tenacious  semi-fluid 
substance.  This  was  formerly  considered  as  a distinct  tissue,  and 
was  supposed  to  be  the  peculiar  seat  of  the  colour  of  the  skin ; it 
received  the  designation  of  Malpighian  layer  or  rete  mucosum. 
Passing  outwards,  we  find  the  cells  more  completely  formed;  at 
first  nearly  spherical  in  shape,  but  becoming  polygonal  where  they 
are  flattened  one  against  another.  As  v/e  proceed  further  towards 
the  surface,  we  perceive  that  the  cells  are  gradually  more  and  more 
flattened  until  they  become  mere  horny  scales,  their  cavity  being 
obliterated  ; their  origin  is  indicated,  however,  by  the  nucleus  in  the 
centre  of  each.  This  change  in  form  is  accompanied  by  a change 
in  the  chemical  composition  of  the  tissue,  which  seems  to  be  due  to 
the  metamorphosis  of  the  contents  of  the  cells  into  a horny  sub- 
stance identical  with  that  of  which  hair,  horn,  nails,  hoofs,  &c.,  are 
composed. — Mingled  with  the  epidermic  cells,  we  find  others  which 
secrete  colouring  matter  instead  of  horn ; these,  which  are  termed 
‘ pigment-cells,’  are  especially  to  be  noticed  in  the  epidermis  of  the 
Megro  and  other  dark  races,  and  are  most  distinguishable  in  the 
Malpighian  layer,  their  colour  appear- 
ing to  fade  as  they  pass  towards  the 
surface. — The  most  remarkable  devel- 
opment of  pigment- cells  in  the  higher 
animals,  however,  is  on  the  inner  surface 
of  the  choroid  coat  of  the  Eye,  where 
they  have  a very  regular  arrangement, 
and  form  several  layers,  known  as  the 
jpigmentum  nigrum.  When  examined 
separately,  these  cells  are  found  to 
have  a polygonal  form  (Fig.  464,  a), 
and  to  have  a distinct  nucleus  (h)  in 
their  interior.  The  black  colour  is 
given  by  the  accumulation,  within  each 
cell,  of  a number  of  fiat  rounded  or 
oval  granules,  of  extreme  minuteness, 
which  exhibit  an  active  movement 
when  set-free  from  the  cell,  and  even  whilst  enclosed  within 
it.  The  pigment-cells  are  not  always,  however,  of  this  simply 
rounded  or  polygonal  form ; they  sometimes  present  remarkable 


Fig.  464. 


Cells  from  Pigmontnm  Ni- 
grum : — rt,  pigmentary  granules 
concealing  the  nucleus ; b,  the 
nucleus. 
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stellate  prolongations,  under  which  form  they  are  well  seen  in  the 
skin  of  the  Frog  (Fig.  478,  c,  c).  The  gradual  formation  of  these 

prolongations  may  be  traced  in  the 
pigment-cells  of  the  Tadpole  during  its 
metamorphosis  (Fig.  465).  Similar 
varieties  of  form  are  to  he  met-with  in 
^e  pigmentary  cells  of  Fishes  and  small 
Crustacea,  which  also  present  a great 
variety  of  hues  ; and  these  seem  to  take 
the  colour  of  the  bottom  over  which  the 
animal  may  live,  so  as  to  serve  for  its 
concealment. 

672.  The  structure  of  the  Epidermis 
maj  be  examined  in  a variety  of  ways. 
If  it  be  removed  by  maceration  from 
the  true  Skin,  the  cellular  nature  of  its 
under  surface  is  at  once  recognized, 
when  it  is  subjected  to  a magnifying 
power  of  200  or  300  diameters,  by  light 
transmitted  through  it,  with  this  surface 
uppermost ; and  if  the  epideimis  be  that 
of  a Negro  or  any  other  dark-skinned 
race,  the  pigment-cells  will  be  very  dis- 
tinctly seen.  This  under-surface  of  the 
epidermis  is  not  flat,  but  is  excavated 
into  pits  and  channels  for  the  reception 
of  the  papillary  elevations  of  the  time 
Skin  ; an  arrangement  which  is  shown 
on  a large  scale  in  the  thick  cuticular 

1 • 1 /covering  of  the  Dog’s  foot,  the  .subjacent 

pajullm  being  large  enough  to  be  distinctly  seen  (when  injected) 
mth  the  naked  eye.  The  cellular  nature  of  the  newly-forming 
layeij  is  best  seen  by  examining  a little  of  the  soft  film  that  is 
ound  upon  the  surface  of  the  true  Skin,  after  the  more  consistent 

% a blister.  The  alteration 
\v  iich  the  cells  of  the  external  layers  have  undergone,  tends  to 
obscure  their  character but  if  any  fragment  of  epidermis  be 
macerated  for  a httle  time  in  a weak  solution  of  Soda  or  Potass, 

1 s dry  scales  become  softened,  and  are  filled-out  by  imbibition  into 
lounded  or  polygonal  cells.  The  same  mode  of  treatment  enables 
us  to  make  out  the  cellular  structure  in  warts  and  corns,  which 
are  epidermic  growths  from  the  surface  of  papillie  enlarged  by 
hypertrophy.  » j 

673.  The  JSpithelmm  may  be  designated  as  a delicate  cuticle, 
covering  all  the  free  internal  surfaces  of  the  body,  and  thus  lining 
all  its  cavities,  canals,  &c.  Save  in  the  mouth  and  other  parts  in 
which  it  approximates  to  the  ordinary  cuticle  both  in  locality  and 
in  nature,  its  cells  (Fig.  466)  usually  form  but  a single  layer;  and 
aie  so  deficient  in  tenacity  of  mutual  adhesion,  tliat  they  cannot 


l’ig-iucnt-cell.s  from  tail  of 
'I'adpole; — a,  a,  simple  foi-ms 
of  recent  origin ; b,  b,  more 
•:omplex  forms  subsequently 
assumed. 
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Fig.  4GG. 


Detached  Epithelium-cells ; a, 
witli  uHclei  6,  and  nucleoli  c. 
from  Mucous  Membrane  of 
mouth. 


be  detaclied  in  the  form  of  a continuous  membrane.  Their  shape 
varies  greatly.  Sometimes  they  are  broad,  Hat,  and  scale-like, 
and  their  edges  approximate  closely  to  each  other,  so  as  to  form 
what  is  termed  a ‘ pavement’  or  ‘ tessel- 
lated’ epithelium : such  cells  are  ob- 
servable on  the  web  of  a Frog’s  foot, 
or  on  the  tail  of  a Tadpole ; for, 
though  covering , an  external  surface, 
the  soft  moist  cuticle  of  these  parts 
has  all  the  characters  of  an  epithelium. 

In  other  cases  the  cells  have  more  of 
the  form  of  cylinders,  standing  erect 
side-by-side ; one  extremity  of  each 
cylinder  forming  part  of  the  free  surface, 
whilst  the  other  rests  upon  the  mem- 
brane to  which  it  serves  as  a covering. 

If  the  cylinders  be  closely  pressed 
together,  their  form  is  changed  into 

prisms : and  such  epithelium  is  often  i • u 

Lown  as  ‘ prismatic.’  On  the  other  hand,  if  the  siirlace  on  which 
it  rests  be  convex,  the  bases  or  lower  ends  of  the  cylinders  become 
smaller  than  their  free  extremities  ; and  thus  each  has  the  torm  o 
a truncated  cone  rather  than  of  a cylinder,  and  such  epithelium 
(of  which  that  covering  the  villi  of  the  intestine,  lAg-  , is  a 
peculiarly-good  example)  is  termed  ‘ conical.’  But  between 
primary  forms  of  epithelial  cells,  there  are  several  intermediate 
gradations  ; and  one  often  passes  almost  insensibly  in  o e ® 
—Any  of  these  forms  of  epithelium  may  be  furnished  with  alia ; 

but  these  appendages  are  more 

commonly  found  attached  to  the  Fig.  4 / . 

elongated,  than  to  the  flattened 
forms  of  epithelial  cells(Fig.  467) . 

Ciliated  epithelium  is  found  upon 
the  lining  membrane  of  the  air- 
passages  in  all  air-breathing 
Vertebrata : and  it  also  presents 
itself  in  many  other  situations, 
in  which  a propulsive  power  is 
needed  to  prevent  an  accumula- 
tion of  mucous  or  other  secre-  • . i j. 

tions.  Owingtothevery  slightattachmentthatusuallyexis  s e w 

the  epithelium  and  the  membranous  surface  whereon  it  lies,  there 
is  usually  no  difficulty  whatever  in  examining  it ; nothing  more 
being  necessary  than  to  scrape  the  surface  of  the  membrane  with 
a knife,  and  to  add  a little  water  to  what  has  been  thus 
The  ciliary  action  will  generally  be  found  to  persist  foi 

or  even  days  after  death,  if  the  animal  has  leon  D-nm  pnrh 

vigour  :*  and  the  cells  tliat  bear  the  cilia,  when  detached  fiom  each 

* Thus  it  has  been  observed  in  the  lining  of  the  windpipe  of  a decapitated 


Ciliated 
colls  resting  on  their 
ties;  &,  cilia. 


a,  nucleated 
smaller  extremi- 
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Pig.  468. 


other,  will  swim  freely  about  in  water.  If  the  thin  fluid  that  is 
copioimly  discharged  Irom  the  nose  in  the  first  stage  of  an  ordinary 
cold  in  the  head,  be  subjected  to  microscopic  examination,  it  wi^ 
commonly  be  found  to  contain  a great  number  of  ciliated  epithe- 
hum-cells,  which  have  been  thrown-o£E  from  the  lining  membrane  of 
the  nasal  passages. 

674  FcU.~Oim  of  the  best  examples  which  the  bodies  of  higher 
animals  afford,  of  a tissue  composed  of  an  aggregation  of  cells  is 
presented  by  Fat ; the  cells  of  which  are  distinguished  by  their 
power  of  drawing  into  themselves  oleaginous  matter  from  the 
blood.  I at-cells  are  sometimes  dispersed  in  the  interspaces  of 
areolar  tissue  ; whilst  in  other  cases  they  are  aggregatedin  distinct 
masses,  constituting  the  proper  Adipose  substance.  The  individual 
tat-cells  always  present  a nearly  spherical  or  spheroidal  form  • 
sometimes,  however,  when  they  are  closely  pressed  together,  they 
become  somewhat  polyhedral,  from  the  flattening  of  their  walls 
against  each  other  (Fig.  468).  Their  intervals  are  traversed  by  a 

minute  network  of  blood-vessels  (Fig. 
480),  from  which  they  derive  their  secre- 
tion ; and  it  is  probably  by  the  constant 
moistening  of  their  walls  with  a watery 
fluid,  that  their  contents  are  retained 
without  the  least  transudation,  although 
these  are  quite  fluid  at  the  temperature 
of  the_  living  _ body.  Fat-cells,  when 
filled  with  their  characteristic  contents, 
have  the  peculiar  appearance  which  has 
been  already  described  as  appertaining 
to  oil-globules  (§  154),  being  very  bright 
ill  their  centre,^  and  very  dark  towards 
their  margin,  in  consequence  of  their 
high  refractive  power;  but  if,  as  often 
happens  in  preparations  that  have  been 
,.  ^ong  mounted,  the  oily  contents  should 
«,  look  like  any 

areolar  tissue.  otlier  cells  of  the  same  form.  Although 

, . , the  fatty  matter  which  fills  these  cells 

(consisting  of  a solution  of  Stearine  or  Margarine  in  Oleine) 
ordinary  tem]ierature  of  the  body  of  a warm- 
blooded animal,  yet  its  harder  portion  sometimes  crystallizes  on 
cooling ; the  crystals  shooting  from  a centre,  so  as  to  form  a star- 
shaped cluster.  In  examining  the  structure  of  Adipose  tissue,  it  is 
practicable,  to  have  recourse  to  some  specimen  in 
which  the  fat-cells  lie  in  single  layers,  and  in  which  they  can  be 
observed  without  disturbing  or  laying  them  open ; such  a con- 
dition is  found,  for  example,  in  the  mesentery  of  the  Mouse ; and 

criminal,  as  mucli  ns  seveu  days  after  death  ; and  in  that  of  the  river  Tortoise 
it  has  been  seeu  tifteeu  days  after  death,  eveu  though  putrefaction  had  already 
far  advanced. 
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Cellular  Cartilage  of  Mouse’s-ear. 


it  is  also  occasionally  met  with  in  the  fat-deposits  which  present 
themselves  at  intervals  in  the  connective  tissues  of  the  muscles, 
joints,  &c.  Small  collections  of  fat-cells  exist  in  the  deeper  layers 
of  the  true  skin,  and  are  brought  into  view  by  vertical  sections  of 
it  (Fig.  463,/).  And  the  structure -of  large  masses  of  fat  may  be 
examined  by  thin  sections,  these  being  placed  under  water  in  thin 
cells,  so  as  to  take-off  the  pressure  of  the  glass-cover  from  their 
surface,  which  would  cause  the 
escape  of  the  oil-particles.  No 
method  of  mounting  (so  far  as  the 
Author  is  aware)  is  successful  in 
causing  these  cells  permanently  to 
retain  their  contents. 

675.  Cartilage. — In  the  ordinary 
forms  of  Cartilage,  also,  we  have 
an  example  of  a tissue  essentially 
composed  of  cells  ; but  these  are 
commonly  separated  from  each 
other  by  an  ‘ intercellular  sub- 
stance,’ which  is  so'  closely  ad- 
herent to  the  outer  walls  of  the  cells  as  not  to  be  separable  from 
them.  The  thickness  of  this  substance  differs  greatly  in  different 
kinds  of  cartilage,  and  even  in  different  stages  of  the  growth  of 
any  one.  Thus  in  the  cartilage  of  the  external  ear  of  a bat  or 
mouse  (Fig.  469),  the  cells  are  packed  as  closely  together  as  are 
those  of  an  ordinary  Ve- 
getable parenchyma  (Fig. 

236,  a)  ; and  this  seems  to 
be  the  early  condition  of 
most  cartilages  that  are 
afterwards  to  present  a 
different  aspect.  In  the 
ordinary  cartilages,  how- 
ever, that  cover  the  extre- 
mities of  the  bones,  so  as 
to  form  smooth  surfaces 
for  the  working  of  the 
joints,  the  amount  of 
intercellular  substance  is 
usually  considerable ; and 
the  cartilage  - cells  are 
commonly  found  im- 
bedded there  in  clusters 
of  two,  three,  or  four  (Fig, 

470),  which  are  evidently 
formed  by  a process  of 
‘ binary  subdivision.’  The 
substance  of  these  celhdar 


Fig.  470. 


Section  of  the  branchial  Cartilage  of  Tadpole ; 

a group  of  four  cells,  separating  from  each 

other : b,  ijair  of  cells  in  apposition  c,  c,  nuclei 
of  cartilage-cells ; cl,  cavity  containing  thrco 
colls  (the  fourth  probably  behind). 


cartilages 


IS 


entirely  destitute  of  blood-vessels  ; being  nourished 
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SISSm  “ 1?^  blood broughtto  the  membrane  ooveriu., 

tneir  suilace.  Hence  they  may  be  compared,  in  reo-ard  to  tbpir 

grade  of  organization,  with  the  lai-ger  Algm ; which”  consist  like 
them,  of  aggregations  of  cells  held  together  by  ii^tLeZTar^ 
stance,  without  vessels  of  any  kind,  and°are  nonrlhed  by 
through  their  whole  snrface.-There  are  many  casZ^ZZei  ?n 
which  the  structureless  intercellular  substaiice  is  replaced  ’by 
bundles  of  fibres,  sometimes  elastic,  but  more  commonly  nou-eHstii- 

n trru'S?r- ^ '"■o-tilages, Serpoid 
in  ceitain  joints,  wherein  tension  as  well  as  pressure  has  to  be 

aZtS  between  the  vertebra?  of  the  spinal  column 

Incrp  ^ pelvis.— In  e.xamining  the  structure  of  Carti- 

more  is  necessary  than  to  make  very  thin  sections 
(■^  sharp  razor  or  scalpel,  or,  if  the  specimen  be  largeandden.se 
^s  the  cartilage  of  the  ribs),  with  the  Microtome.  ‘ These  section.s 
mounted  in  weak  spirit,  Goadby’s  solution,  or  glycerine- 

^}iey  are  mounted,  they  xmdergo  a 
g a.dual  change  by  lapse  of  time,  which  renders  them  less  .fit  to 
characteristic  features  of  their  structure. 

GZurids.— The  various  Secretions  of  the  body 
(as  the  saliva  bile,  urine,  &c.)  are  formed  by  the  instrumentality  of 
on°n?p  f Glands  : which  are,  for  the  mo,st  part,  construed 
on  one  fundamental  type,  whatever  be  the  nature  of  their  product 

i ® we  gain  from  an  exami-' 

nation  ot  the  folhcles_  or  little  bags  imbedded  in  the  wall  of  the 
stomach ; some  of  which  secrete  mucus  for  the  protection  of  its 
suriace,  and  others  gastric  juice.  These  little  bags  are  filled  with  cells 
“ form,  which  may  be  considered  as  constituting  their 

epithelial  lining  ; these  cells,  in  the  progress  of  their  development, 
draw  into  themselves  from  the  blood  the  constituents  of  the 
particular  product  they  are  to  secrete ; and  they  then  seem  to 
deliver  it  up,  either  by_  the  bursting  or  by  the  melting-away  of 
t so  that  this  product  may  be  poiired-forth  from  tlic 

mouth  of  the  bag  into  the  cavity  in  which  it  is  wanted.  The 
River  itsefi,  in  the  lowest  animals  wherein  it  is  found,  presents 
this  condition.  Some  of  the  cells  that  form  the  lining  of  th- 
stomach  m the  Hydra  and  Actinia,  seem  to  be  distinguislfed  froui 
the  rept  by  their^  jDower  of  secreting  bile,  which  gives  them  a 
brownish-yellow  tinge ; in  manyPolyzoa,  Compound  Tiiuicata,  and 
Annelida,  these  biliary  cells  can  be  seen  to  occujij’’  follicles  in  the 
walls  of  the  stomach  ; in  Insects  these  follicles  are  few  in  number, 
but  are  immensely  elongated  so  as  to  form  biliary  tubes,  which  lie 
loosely  within  the  abdominal  cavity,  frequently  making  many  con- 
volutions within  it,  and  discharge  their  contents  - into  the  com- 
mencement of  the  intestinal  canal ; whilst  in  the  higher  MoUusca, 
and  in  Crustacea,  the  follicles  are  vastly  multiplied  in  number,  and 
are  connected  with  the  ramifications  of  gland-ducts,  like  graju’s 
upon  the  stalks  of  their  bunch,  so  as  to  form  a distinct  mass  which 
now  becomes  known  as  the  Liver.  The  examination  of  the  bilitiry 
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tubes  of  the  Insect,  or  of  the  biliary  follicles  of  the  Crab,  which 
inay  be  accomplished  with  the  utmost  facility,  is  well  adapted  to 
irlve  an  idea  of  the  essential  nature  of  glandular  structure.  Among 
Vertebrated  animals  the  Salivary  glands,  the  Pancreas  (sweet- 
bread). and  the  Mammary  glands,  are  well  adapted  to  display  the 
follicular  structure  (Pig.  471) ; nothing  more  being  necessary  than 
to  make  sections  of  these  organs,  thin  enough  to  be  viewed  as 
transparent  objects.  The  Liver  of  Yer- 
tebrata,  however,  presents  certain  pecu- 
liarities of  structure,  which  are  not  yet 
fully  understood ; for  although  it  is 
essentially  composed,  like  other  glands, 
of  secreting  cells,  yet  it  has  not  been 
determined  beyond  doubt  whether  these 
cells  are  contained  within  any  kind 
of  membranous  investment.  The  Kid- 
neys of  Yertebrated  animals  are  made-up 
of  elongated  tubes,  which  are  straight,  , 

and  are  lined  with  a pavement-epithelium  ’p  ' wi  tii  h 
in  the  inner  or  medullary  portion  of  the  ting  cells  «,  n,  containing  mi- 
kidney,  whilst  they  are  convoluted  and  clei  b,  b. 
tilled  with  a spheroidal  epithelium  in  the 

outer  or  ‘ cortical.’  Certain  flask-shaped  dilatations  of  these  tubes 
include  curious  little  knots  of  blood-vessels,  which  are  known  as 
the  ‘ Malpighian  bodies’  of  the  kidney  ; these  are  well  displayed  in 
injected  preparations. — For  such  a full  and  complete  investigation 
of  the  structure  of  these  organs  as  the  Anatomist  and  Physiologist 
require,  various  methods  must  be  put  in  practice  which  this  is  not 
the  place  to  detail.  It  is  perfectly  easy  to  demonstrate  the  cellular 
nature  of  the  substance  of  the  Liver,  by  simply  scraping  a portion 
of  its  cut  surface ; since  a number  of  its  cells  will  be  then 
•letachcd.  The  general  arrangement  of  the  cells  in  the  lobules 
maj’  be  displayed  by  means  of  sections  thin  enough  to  be  trans- 
parent ; whilst  the  arrangement  of  the  blood-vessels  can  only 
be  shown  by  means  of  Injections  (§  687).  Fragments  of  the 
tubules  of  the  Kidney,  sometimes  having  the  Malpighian  capsules 
in  connection  with  them,  may  also  be  detached  by  scraping  its  cut 
surface  ; but  the  true  relations  of  these  parts  can  only  be  shown  by 
thin  transparent  sections,  and  by  injections  of  the  blood-vessels  and 
tubuli.  The  simple  follicles  contained  in  the  walls  of  the  Stomach 
are  brought  into  view  by  vertical  sections;  but  they  may  be  still 
better  examined  by  leaving  small  portions  of  the  lining  membrane 
for  a few  days  in  dilute  nitric  acid  (one  part  to  four  of  water), 
whereby  the  fibrous  tissue  will  be  so  softened,  that  the  clusters  of 
glandular  epithelium  lining  the  follicles  (which  are  but  very  little 
altered)  will  be  readily  separated. 

677.  Muscular  Tissue. — Although  we  are  accustomed  to  speak  of 
ihis  tissue  as  consisting  of  ‘fibres,’  yet  the  ultimate  structure  of 
the  ‘ muscular  fibre’  is  very  different  from  that  of  the  ‘ simple 
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Fasciculus  of  stri- 
ated Muscular  Fibre, 
showing  at  a the 


fibrous  tissues’  already  described.  -When  we  examine  an  ordinary 
muscle  (or  piece  ot  flesh’)  witb  tbe  naked  eye,  we  observe  that  Vt 
IS  made-up  of  a nuruber  of  fasciculi  or  bundles  of  fibres  (Fin.  472) 
which  are  arranged  side-by-side  with  great  regu- 
larity, in  the  direction  in  which  the  muscle  is  to 
act,  and  are  united  by  connective  tissue.  These 
fasciculi  may  be  separated  into  smaller  parts 
which  appear  like  simple  fibres ; but  when  these 
are  examined  by  the  Microscope,  they  are  found 
to  be  themselves  fasciculi,  composed  of  minuter 
fibres  bound  together  by  delicate  filaments  of 
connective  tissue.  By  carefully  separating  these, 
we  may  obtain  the  ultimate  muscular  fibre.  This 
fibre  exists  under  two  forms,  the  striated  and  the 
nonstriated.  The  former  is  chiefly  distinguished 
by  the  transversely-striated  appearance  which  it 
presents  (Fig.  473),  and  which  is  due  to  an  alter- 
nation of  light  and  dark  spaces  along  its  whole 
extent ; the  breadth  and  distance  of  these  striie 
vary,  however,  in  different  fibres,  and  even  in 
different  parts  of  the  same  fibre,  according  to 
transverse  striae, and  state  of  contraction  or  relaxation.  Longitu- 
at  6 its  junction  with  dinal  striae  are  also  frequently  visible,  which  are 
the  tendon.  due  to  a partial  separation  between  the  com- 

ponent fibrillm  into  which  the  fibre  may  be 
broken  up.  When  a fibre  of  this  kind  is  more  closely  examined,  it 
is  seen  to  be  enclosed  within  a delicate  tubular  sheath,  which  is 
quite  distinct  on  the  one  hand  from  the  connective  tissue  that  binds 
the  fibres  into  fasciculi,  and  equally  distinct  from  the  internal  sub- 
stance of  the  fibre.  This  membranous  tube,  which  is  termed  the 
sarcolemma,  is  not  perforated  by  capillary  vessels,  which  therefore 
lie  outside  the  ultimate  elements  of  the  muscular  substance  ; whe- 
ther it  is  penetrated  by  the  ultimate  fibres  of  nerves,  is  a point  not 
yet  certainly  ascertained. — The  diameter  of  the  fibres  varies  greatly 
in  different  kinds  of  Mertebrated  animals.  Zts  average  is  greater 
in  Reptiles  and  Fishes  than  in  Birds  and  Mammals,  and  its  extremes 
also  are  wider ; thus  its  dimensions  vary  in  the  Frog  from  1-lOOth 
to  1-lOOOth  of  an  inch,  and  in  the  Skate  from  l-65th  to  l-300th; 
whilst  in  the  Human  subject  the  average  is  about  l-400th  of  an 
inch,  and  the  extremes  about  l-200th  and  l-600th. 

678.  The  substance  ot  the  fibre,  when  broken  up  by  ‘teazing’ 
with  needles,  is  found  to  consist  of  very  minute  fibrillm,  which, 
when  examined  under  a magnifying  power  of  from  250  to  400  dia- 
meters, are  seen  to  present  a slightly-beaded  form,  and  to  show  the 
same  alternation  of  light  and  dark  spaces  as  when  the  fibrillm  are 
united  into  fibres  or  into  small  bundles  (Fig.  473).  'fhe  dark  and 
light  spaces  are  usually  of  nearly  equal  length  : each  light  si^ace 
is  divided  by  a transverse  line,  called  ‘ Dobie’s  line  ;’  while  each  dark 
space  is  crossed  by  a lighter  band,  known  as  ‘Hensen’s  stripe.' 


STEIATED  MUSCULAE  FIBEE. 


799 


It  has  been  generally  supposed  that  these  markings  indicate  diffe- 
rences in  the  coTn'position  of  the  fibre but  Mr.  J.  B.  Haycroft  has 

Fig.  473. 


Striated  Muscular  Fibre,  separating  into  fibrilla. 

recently  revived  an  idea  which  originated  with  Mr.  Bowman,  that 
they  are  the  optical  expressions  of  its  shape.  The  borders  of  the 
striated  fibre  (he  truly  states)  present  wavy  margins,  indicative  of 
a transverse  ridging  and  furrowing ; the  whole  fibre’  (or  a single 
fibril)  thus  consisting  of  a succession  of 
convex  bead-like  projections  with  inter- 
mediate concave  depressions.  When  the 
axis  of  the  fibre  is  in  true  focus,  Dobie’s 
line,  D,  crosses  the  deepest  iiart  of  the 
concavity,  while  Hensen’s  stripe,  H,  crosses 
the  most  projecting  part  of  the  convexity ; 
and  it  can  be  shown,  both  theoretically  and 
experimentally,  that  this  alternation  of 
lights  and  shades  will  be  produced  by 
^the  passage  of  light  through  a similarly- 
shaped  homogeneous  rod  of  any  trans- 

Earent  substance.  If,  on  the  other 
and,  the  surface  of  the  fibre  be  brought 
into  focus,  the  convex  ribbings  appear 
light  and  the  intervening  depressions 
dark, — which  is  the  aspect  originally 
represented  by  Bowman.  The  appear- 
ances are  the  same  in  the  extended  and 
contracted  states  of  the  fibre ; with  the 
• exception  that  the  alternation  of  light 
: and  dark  stri®  is  closer  in  the  contracted 

. state,  while  the  breadth  (representing  the  thickness)  of  the  fibre  is 
I correspondingly  increased.* 

679.  In  the  examination  of  Muscular  tissue,  a small  portion  may 
i be  cut-out  with  the  curved  scissors ; this  should  be  torn  up  into  its 
• component  fibres ; and  these,  if  possible,  should  be  separated  into 
•their  fibrillas,  by  dissection  with  a pair  of  needles  under  the  Simple 

* “Quart.  Joum.  Microsc.  Science,”  E.S.,  Vol,  xxi.,  p.  307. 
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Microscope.  The  general  characters  of  the  struded  fibre  are  ad- 
mirably shown  in  the  large  fibres  of  the  Frog ; and  by  selecting  a 
portion  in  which  these  fibres  spread  themselves  out  to  unite  with 
a broad  tendinous  expansion,  they  may  often  be  found  so  well  dis- 
played m a single  layer,  as  not  only  to  exhibit  all  their  characters 
without  any  dissection,  but  also  to  show  their  mode  of  connection 
with  the  simjile  fibrous  tissue  of  which  that  expansion  is  formed. 
As  the  ordinary  characters  of  the  fibre  are  but  little  altered  by 
boiling,  recourse  may  be  had  to  this  process  for  their  more  ready 
separation,  especially  in  the  case  of  the  tongue.  Dr.  Beale  recom- 
mends Glycerine  for  the  preparation,  and  Glycerine-media  for  the 
preservation,  of  objects  of  this  class ; and  states  that  the  alternation 
of  light  and  dark  spaces  in  the  fibrillas  is  rendered  more  distinct  by 
such  treatment.  The  fibrillae  are  often  more  readily  separable  when 
the  muscle  has  been  macerated  in  a weak  solution  of  Chromic  acid. 
~The  shape  of  the  fibres  can  only  be  ]iroperly  seen  in  cross  sec- 
tions and  these  are  best  made  by  the  Freezing  Microtome  (§  191). 

Striated  fibres,  separable  with  great  facility  into  their  component 
fibrillfB,  are  readily  obtainable  from  the  limbs  of  Crustacea  and  of 
Insects  ; and  their  presence  is  also  readily  distinguishable  in  the 
bodies  of  Worms,  even  of  very  low  organization  ; so  that  it  may  be 
regarded  as  characteristic  of  the  Articulated  series  generally.  On 
the  other  hand,  the  Molluscous  classes  are  for  the  most  part  dis- 
tinguished by  the  non-striation  of  their  fibre ; there  are,  however. 


Structure  of  w&w-sO-.'rtL'f;  Mils-  intestines,  bladder,  and  other  similar 
cular  Fibre A,  portion  of  tis-  parts,  is  composed  of  flattened  bands 
sue  showing  fusiform  cells  a,  o,  -whose  diameter  is  usually  between 


a portion  of  such  muscular  substance,  however,  in  dilute  nitric  acid 
(about  one  part  of  ordinary  acid  to  three  parts  of  water)  for  two  or 
three  days,  it  is  found  that  the  bands  just  mentioned  may  be  easily 
separated  into  elongated  fusiform  cells,  not  unlike  ‘ woody  fibre’  in 


Fig.  474. 


two  remai'kable  exceptions,  strongl}' 
striated  fibre  having  been  found  in 
the  Terehratiila  and  other  BradMo- 


. j)ods  (where,  however,  it  is  limited  to 
the  anterior  adductor  muscles  of  the 
L I shell),  and  also  in  many  Pohjzoa.  Its 


i j I rapidity  of  movement;  the  non-striated 

I I ; presenting  itself  where  the  movements 

y I are  slower  and  feebler  in  their  cha- 

‘ / racter. 


I'  , i^resence  seems  related  to  energy  and 


\ j 680.  The  ‘ smooth’  or  non-striated 

form  of  Muscular  fibre,  which  is  espe- 
cially found  in  the  walls  of  the  stomach. 


but  cross  and  interlace.  By  macerating 
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Fig.  47 


shape  (Fig  474,  a,  a) ; each  distinguished,  for  the  most  part,  by  the 
presence  of  a long  staff^haped  nucleus,  h,  brought  into  view  by  the 

^hich  the  distinction  between 
cell-wall  and  cell-contents  can  by  no 

means  be  clearly  seen,  are  composed  of 
a soft  yellow  substance  often  contain- 
ing small  pale  granules, and  sometimes 
yellow  globules  of  fatty  matter.  In 
the  coats  of  the  Blood-vessels  are 
found  cells  having  the  same  general 
characters,  but  shorter  and  wider  in 
form  ; and  although  some  of  these  ap- 


yj±.  uilCOC  Ctp- 

proach  very  closely  in  their  general 


Ganglion-cells  and  Nerve-fibres 
from  a ganglion  of  Lamprey. 


appearance  to  epithelium -cells,  yet 
they  seem  to  have  quite  a different 
nature,  being  distinguished  by  their 
elongated  nuclei,  as  well  as  by  their 
contractile  endowments. 

681.  Nei-ve-stibstance. — Wherever  a 
distinct  Nervous  System  can  be  made 
out,  it  is  found  to  consist  of  two  very 
different  forms  of  tissue— namely,  the 
cellular,  which  are  the  essential  com- 
ponents of  the  ganglionic  centres, 
and  the  fibrous,  of  which  the  con- 
necting trunks  consist.  The  typical 
•form  of  the  nerve-cells  or  ‘ ganglion- 
.gbbules’  may  be  regarded  as  globular;  but  they  often  present  an 
• extension  into  one  or  more  long  processes,  which  give  them  a 
_ caudate  or  ‘ stellate’ aspect.  These  processes  have  been  traced 
unto  continuity,  in  some  instances,  with  the  axis-cylinders  of  nerve- 
ttubes  (Fig.  475) ; whilst  in  other  cases  they  seem  to  inosculate 
with  those  of  other  vesicles.  The  cells,  which  do  not  seem  to  pos- 
.'sess  a definite  ceU-waU,_are  for  the  most  part  composed  of  a finely- 
igranular  substance,  which  extends  into  their  prolongations ; and  in 
ttoe  midst  of  this  is  usually  to  be  seen  a large  well-defined  nucleus. 

1 V L generally  contain  pigment-granules,  which  give  them  a 
rreddish  or  yellowish-brown  colour,  and  thus  impart  to  collections 
-of  ganglionic  cells_  in  the  warm-blooded  Yertebrata  that  peculiar 
[hue,  'v^ich  causes  it  to  be  known  as  the  cineritious  or  grey  matter, 
Ibut  -which  is  commonly  absent  among  the  lower  animals.— Each 
rof  the  tubular  nerve-fibres,  on  the  other  hand,  of  which  the 
tcrunks  are  made  up,  consists,  in  its  fully-developed  form,  of  a. 
lelicate  niembranous  sheath,  within  which  is  a hollow  cylinder  of 
n material  known  as  the  ‘ white  substance  of  Schwann,’  whose 
mter  and  inner  boundaries  are  marked-out  by  two  distinct  lines, 
Ipving  to  each  margin  of  the  nerve-tube  what  is  described  as  a 
double  contour.’  The  contents  of  the  membranous  envelope  are  very 
:oft,  yielding  to  slight  pressure ; and  they  are  so  quickly  altered  bv 

3 F ^ 
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Fig.  476. 


the  contact  of  water  or  of  any  liquids  which  are  foreign  to  their 
nature,  that  their  characters  can  only  he  properly  judged-of  when 
they  are  quite  fresh.  The  centre  or  axis  of  the  tube  is  then  found 
to  be  occupied  by  a transparent  substance  which  is  known  as  the 
‘ axis-cylinder  and  there  is  reason  to  believe  that  this  last,  which 
is  a protoplasmic  substance,  is  the  essential  component  of  the 
nerve-fibre,  while  the  function  of  the  hollow  cylinder  that  surrounds 
it,  which  is  composed  of  a combination  of  fat  and  albuminous 
matter,  is  simply  protective.  The  diameter  of  the  nerve-tubes 
differs  in  different  nerves ; being  sometimes  as  great  as  1-loOOth 
of  an  inch,  and  as  small  in  other  instances  as  1 -12,000th. — In 

many  of  the  lower  Invertebrata,  such  as 
MeduscB  (§  523)  and  ComatulcB  (§  546), 
we  seem  fully  justified  by  physiological 
evidence  in  regarding  as  Nerves  certain 
pi’otoplasmic  fibres  which  do  not  possess 
the  characteristic  structure  of  ‘nerve- 
tubes  and  fibres  destitute  of  the 
‘ double  contour’  are  found  also  in  cer- 
tain parts  of  the  body  of  even  the  highest 
"Vertebrates.  These  fibres,  which  are 
known  as  ‘ gelatinous,’  are  considerably 
smaller  than  the  preceding,  and  do  not 
exhibit  any  differentiation  of  parts  (Fig. 
476).  They  are  flattened,  soft,  and  homo- 
geneous in  their  appearance,  and  con- 
tain numerous  nuclear  particles  which 
are  brought  into  view  by  acetic  acid. 
They  can  sometimes  be  seen  to  be  con- 
tinuous with  the  axis-cylinders  of  the 
ordinary  fibres,  and  also  with  the  radia- 
ting prolongations  of  the  ganglion-cells; 
so  that  their  nervous  character,  which  has  been  questioned  by  some 
anatomists,  seems  established  beyond  doubt. 

682.  The  ultimate  distribution  of  the  Nerve- fibres  is  a subject  on 
which  there  has  been  great  divergence  of  opinion,  and  which  can 
only  be  successfully  investigated  by  observers  of  great  experience. 
The  Author  believes  that  it  may  be  stated  as  a general  fact,  that  in 
both  the  motor  and  the  sensory  nerve-tubes,  as  they  approach  their 
terminations  in  the  muscles  and  in  the  skin  respectively,  the  pro- 
toplasmic axis-cylinder  is  continued  beyond  its  envelopes;  often 
then  breaking-np  into  very  minute  fibrillm,  which  inosculate  with 
each  other  so  as  to  form  a network  closely  resembling  that  formed 
by  the  pseudopodial  threads  of  Bhizopods  (Fig.  283).  Recent 
observers  have  described  the  fibrillte  of  motor  nerves  as  terminating 


Gelatinou.s  Nerve-fibres,  from 
Olfactory  Nerve. 


in  ‘ motorial  end-plates’  seated  upon  or  in  the  muscular  fibres ; and 
these  seem  analogous  to  the  little  ‘islets’  of  sarcodic  substance. 
into  which  those  threads  often  dilate.- — Where  the  Skin  is  specially 
endowed  with  tactile  sensibility,  we  find  a special  papillary 
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appai'atus,  wRicli  in  the  skin  may  be  readily  made  out  in  thin  vertical 
sections  treated  with  solntion  of  soda  (Fig.  477).  It  was  formerly 
supposed  that  all  the  cntaneons  papillae  are  furnished  with  nerve- 
fibres,  and  minister 

to  sensation : hnt  it  is  Fro.  477. 

now  known  that  a 
large  proportion  (at 
any  rate)  of  those 
that  are  furnished 
with  loops  of  blood- 
vessels (Figs.  463,  p, 

483),  being  destitute 
of  nerve-fibres,  must 
have  for  their  special 
office  the  production 
of  Epidermis ; whilst 
those  which,  possess- 
ing nerve-fibres,  have 
sensory  functions, 
are  usually  destitute 
of  blood-vessels.  The 
greater  part  of  the 
interior  of  each  sen- 
sory papilla(Fig.477, 
c,  c)  of  the  skin  is  oc- 


Vertical  Section  of  Skin  of  Finger,  showing 
the  branches  of  the  cutaneous  nerves,  a,  b,  inos- 
culating to  form  a plexus,  of  which  the  ultimate 
fibres  pass  into  the  cutaneous  papillae,  c,  c. 


cupied  byapeculiar  ‘axile  body,’ which  seems  to  be  merely  a bundle  of 
ordinary  connective  tissue,  wher-eon  the  nerve-fibre  appears  to  termi- 
nate. The  nerve-fibres  are  more  readily  seen,  however,  in  the ‘fungi- 
form’ papillae  of  the  Tongue,  to  each  of  which  several  of  them  pro- 
ceed ; these  bodies,  which  are  very  transparent,  maybe  well  seen  by 
snipping-off  minute  portions  of  the  tongue  of  the  Frog;  or  by 
snipping-off  the  papillae  themselves  from  the  surface  of  the  living 
Human  tongue,  Avhich  can  be  readily  done  by  a dexterous  use  of 
the  curved  scissors,  with  no  more  pain  than  the  prick  ^ of  a pin 
would  give.  The  transparence  of  these  papillffi  also  is  increased 
by  treating  them  with  a weak  solution  of  soda.  Herve-fibres^have 
also  been  found  to  terminate  on  sensory  surfaces  in  nainute  end- 
bulbs’  of  spheroidal  shape  and  about  l-600th  of  an  inch  in  diameter; 
each  of  them  being  composed  of  a simple  outer  capsule  of  connec- 
tive tissue,  filled  with  clear  soft  matter,  in  the  midst  of  which  tie 
nerve-fibre,  after  losing  its  dark  border,  ends  in  a knob.  ine 
‘ Pacinian  corpuscles,’  which  are  best  seen  in  the  mesenteiy  o e 
Cat,  and  are  from  l-15thto  1-lOth  of  an  inch  long,  seem  to  be  more 

developed  forms  of  these  ‘ end-bulbs.’  , 

683.  For  the  sake  of  obtaining  a general  acqiiaintance  with  the 
Microscopic  characters  of  these  principal  forms  of  Herve-su  s ^)^ce, 
it  is  best  to  have  recourse  to  minute  nerves  and  gnnglia.  ihe 
small  nerves  which  are  found  between  the  skin  and  the  inuscles  of 
the  back  of  the  Frog,  and  which  become  apparent  when  the  former 
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IS  being  stnpped-ofP,  are  extremely  suitable  for  this  purpose  ; but 
they  are  best  seen  in  the  Hyla  or  ‘tree-frog/  which  is  recom- 
mended by  Dr.  Beale  as  being  much  superior  to  the  common  Frog 
for  the  general  purposes  of  minute  histological  investigation.  If 
it  be  wished  to  examine  the  natural  appearance  of  the  nerve-fibres, 
no  other  fluid  should  be  used  than  a little  blood-serum;  but  if 
they  be  treated  with  strong  acetic  acid,  a contraction  of  their  tubes 
takes  place,  by  which  the  axis-cylinders  are  forced-out  from  their 
cut  extremities,  so  as  to  be  made  more  apparent  than  they  can  be 
in  any  other  way.  On  the  other  hand,  by  immersion  of  the  tissue  in 
a dilute  solution  of  Chromic  acid  (about  one  part  of  the  sohd 
crystals  to  two  hundred  of  water),  the  nerve-fibres  are  rendered 
firmer  and  more  distinct.  Again,  the  axis-cylinders  are  brought 
into  distinct  view  by  the  staining-process  (§  202  a),  being  dyed  much 
more  quickly  than  their  envelopes ; and  they  may  thus  be  readily 
made-out  by  reflected  light,  in  transverse  sections  of  nerves  that 
have  been  thus  treated.  The  gelatinous  fibres  are  found  in  the 
greatest  abundance  in  the  Sympathetic  nerves ; and  their  characters 
may  be  best  studied  in  the  smaller  branches  of  that  system.— So, 
for  the  examination  of  the  ganglionic  cells,  and  of  their  relation  to 
the  nerve-tubes,  it  is  better  to  take  some  minute  ganglion  as  a 
whole  (such  as  one  of  the  sympathetic  ganglia  of  the  Frog,  Mouse, 
or  other  small  animal),  than  to  dissect  the  larger  ganglionic  masses' 
whose  structure  can  only  be  successfully  studied  by  such  as  are 
proficient  in  this  kind  of  investigation.  The  nerves  of  the  orbit  of 
the  eyes  of  Fishes,  with  the  ophthalmic  ganglion  and  its  branches, 
which  may  be  very  readily  got-at  in  the  Skate,  and  of  which  the 
components  may  be  separated  without  much  difficulty,  form  one  of 
the  most  convenient  objects  for  the  demonstration  of  the  principal 
forms  of  nerve-tissue,  and  especially  for  the  connection  of  nerve- 
fibres  and  ganglion-cells. — For  minute  inquiries,  however,  into  the 
ultimate  distribution  of  the  nerve-fibres  in  Muscles  and  Sense- 
organs,  certain  special  methods  must  be  followed,  and  very  high 
magnifying  powers  must  be  employed.  Those  who  desire  to  follow 
out  this  inquiry  should  acquaint  themselves  with  the  methods 
which  have  been  found  most  successful  in  the  hands  of  the  able 
Histologists  whose  works  have  been  already  referred  to. 

684.  Circulation  of  the  Blood. — One  of  the  most  interesting 
spectacles  that  the  Microscopist  can  enjoy,  is  that  which  is 
furnished  by  the  Circulation  of  the  Blood  in  the  capiUury  blood- 
vessels which  distribute  the  fluid  through  the  tissues  it  nourishes. 
This,  of  course,  can  only  be  observed  in  such  parts  of  Animal 
bodies  as  are  sufficiently  thin  and  transparent  to  allow  of  the  trans- 
mission of  light  through  them,  without  any  disturbance  of  their 
ordinary  structure  ; and  the  number  of  these  is  veiy  limited.  The 
web  of  the  Frog’s  foot  is  p)erhaps  the  most  suitable  for  orchuarv 
purposes,  more  especially  since  this  animal  is  to  be  easily  obtained 
in  almost  every  locality ; and  the  following  is  the  simiile  arrangc- 
ment  preferred  by  the  Author; — A piece  of  tliin  Cork  is  to  be 
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obtained,  about  9 inches  long  and  3 inches  wide  (such  pieces  are 
; juepared  by  Oork-cutters,  as  soles),  and  a hole  about  3-8ths  of  an 
'inch  in  diameter  is  to  be  cut  at  about  the  middle  of  its  length,  in 
■such  a position  that,  when  the  cork  is  secured  upon  the  stage 
;this  aperture  may  correspond  with  the  axis  of  the  Microscope. 
The  body  of  the  Frog  is  then  to  be  folded  in  a j)iece  of  wet  cahco> 
one  leg  being  left  free,  in  such  a manner  as  to  confine  its  move- 
ments, but  not  to  press  too  tightly  upon  its  body  ; and  being  then 
laid  down  near  one  end  of  the  cork-plate,  the  free  leg  is  to  be 
extended,  so  that  the  foot  can  be  laid  over  the  central  aperture. 
The  spreading-out  of  the  foot  over  the  aperture  is  to  be  accom- 
plished, either  by  passing  pins  through  the  edge  of  the  web  into  the 
cork  beneath,  or  by  tying  the  ends  of  the  toes  with  threads  to  pins 
stuck  into  the  cork  at  a small  distance  from  the  aperture ; the 
former  method  is  by  far  the  least  troublesome,  and  it  may  be 
doubted  whether  it  is  really  the  source  of  more  sufi“ering  to  the 
animal  than  the  latter,  the  confinement  being  obviously  that 
■which  is  most  felt.  A few  turns  of  tape,  carried  loosely  around 
the  cahco  bag,  the  projecting  leg,  and  the  cork,  serve  to  prevent 
: any  sudden  start ; and  when  all  is  secure,  the  cork -plate  is  to  be 
laid  down  upon  the  stage  of  the  Microscope,  where  a few  more 
• turns  of  the  tape  -will  serve  to  keep  it  in  place.  The  web  being 
moistened  -with  water  (a  precaution  which  should  be  repeated  as 
often  as  the  membrane  exhibits  the  least  appearance  of  dryness),  and 
; an  adequate  hght  being  reflected  through  the  web  from  the  mirror, 
'this  wonderful  spectacle  is  brought  into  "view  on  the  adjustment 
of  the  focus  (a  power  of  from  75  to  100  diameters  being  the  most 
suitable  for  ordinary  purposes),  pro'vided  that  no  obstacle  to  the 
movement  of  the  blood  be  produced  by  undue  pressure  upon  the 
body  or  leg  of  the  animal.  It  will  not  unfrequently  be  found,  how- 
ever, that  the  current  of  blood  is  nearly  or  altogether  stagnant  for 
a time ; this  seems  occasionally  due  to  the  animal’s  alarm  at  its 
new  position,  wliich  weakens  or  suspends  the  action  of  its  heart,  the 
movement  recommencing  again  after  the  lapse  of  a few  minutes, 
although  no  change  has  been  made  in  any  of  the  external  condi- 
tions. But  if  the  movement  should  not  renew  itself,  the  tape  which 
passes  over  the  body  should  be  slackened ; and  if  this  does  not 
produce  the  desired  effect,  the  calico  envelope  also_  must  be 
loosened.  When  everything  has  once  been  properly  adjusted,  'the 
animal  will  often  lie  for  hours  "without  moving,  or  ■will  only  give 
an  occasional  t"witch ; and  even  this  may  be  avoided  by  pre- 
viously subjecting  it  to  the  influence  of  chloroform,  which  may 
be  renewed  from  time  to  time  whilst  it  is  under  observation.  The 
movement  of  the  Blood  "will  be  distinctly  seen  by  that  cff  its 
corpuscles  (Fig.  478),  which  course  after  one  another  through  "the 
network  of  Capillaries  that  intervenes  between  the  smallest  arteries 
and  the  smallest  veins  ; in  those  tubes  which  pass  most  directly 
ifrom  the  veins  to  the  arteries,  the  cui'rent  is  always  in  the  same 
direction;  but  in  those  which  pass  across  between  these,  it  may 
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not  unfr^uently  be  seen  that  the  direction  of  the  movement 
cnanges.  from  time  to  time.  The  larger  vessels  with  which  the 


Fio.  478. 
h 


Capillary  Circulation  iu  a portion  of  the  web  of  a Fro(j's  foot o,  trunk  of 
vein  ; 6,  6,  its  branches;  c,  c,  pigment-cells. 

capillaries  are  seen  to  be  connected,  are  almost  always  veins,  as 
may  be  known  from  the  direction  of  the  flow  of  blood  in  them 
from  the  branches  (&,  h)  towards  their  trunks  (a)  ; the  aHeries, 
whose  ultimate  subdivisions  discharge  themselves  into  the  capillaiy 
network,  are  for  the  most  part  restricted  to  the  immediate  borders 
of  the  toes.  When  a t^ower  of  200  or  250  diameters  is  employed, 
the  visible  area  is  of  course  greatly  reduced ; but  the  individual 
vessels  and  their  contents  are  much  more  plainly  seen  : and  it  may 
then  be  observed  that  whilst  the  ‘ red’  corpuscles  (§  665)  flow  at  a 
very  rapid  rate  along  the  centre  of  each  tube,  the  ‘ white’  corpuscles 
(§  666)  which  are  occasionally  discernible,  move  slowly  in  the  clear 
stream  near  its  margin. 

^ 685.  The  Circulation  may  also  be  dis23layed  in  the  tongue  of  the 
Frog,  by  laying  the  animal  (previously  chloroformed)  on  its  back, 
with  its  head  close  to  the  hole  in  the  cork-plate,  and,  after  securing 
the  body  in  this  20osition,  drawing-out  the  tongue  with  the  for- 
ceps, and  fixing  it  on  the  other  side  of  the  hole  with  2>ins.  So, 
again,  the  circulation  may  be  examined  in  the  lungs — where  it 
a,ii‘ords  a spectacle  of  singular  beauty, — or  in  the  mesentei'y,  of  the 
living  Frog,  by  laying  open  its  body,  and,  drawing  forth  either 
organ ; the  animal  having  previously  been  made  insensible  by 
chloroform.  The  tadjwle  of  the  Frog,  when  sufficiently  young, 
furnishes  a good  dis2)lay  of  the  capillaiy  circulation  in  its  tail; 
and  the  difficulty  of  kee2Jing  it  quiet  dunng  the  observation  may 
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be  overcome  by  gradually  mixing  some  warm  water  with  that 
in  which  it  is  swimming,  until  it  becomes  motionless  ; this  usually 
happens  when  it  has  been  raised  to  a temperature  of  between 
100°  and  110°  ; and  notwithstanding  that  the  muscles  of  the  body 
are  thrown  into  a state  of  spasmodic  rigidity  by  this  treatment, 
the  heart  continues  to  pulsate,  and  the  circulation  is  maintained.* 
The  larva  of  the  Water-newt,  when  it  can  be  obtained,  furnishes  a 
most  beautiful  display  of  the  circulation,  both  in  its  external  gills 
and  in  its  delicate  feet.  It  may  be  enclosed  in  a large  Aquatic-box 
or  in  a shallow  cell,  gentle  pressure  being  made  upon  its  body,  so 
as  to  confine  its  movements  without  stopping  the  heart’s  action. — 
The  circulation  may  also  be  seen  in  the  tails  of  small  Fish,  such  as 
the  minnow  or  the  sticklebach,  by  confining  these  animals  in  tubes, 
or  in  shallow  cells,  or  in  a large  Aquatic-box  ;f  but  although  the 
extreme  transparence  of  these  parts  adapts  them  well  for  this  pur- 
pose in  one  respect,  yet  the  comparative  scantiness  of  their  blood- 
vessels prevents  them  from  being  as  suitable  as  the  Frog’s  web 
in  another  not  less  important  particular. — One  of  the  most  beautiful 
of  all  displays  of  the  circulation,  however,  is  that  which  may  be 
seen  upon  the  yolk-hag  of  young  Fish  (such  as  the  Salmon  or 
Trout)  soon  after  they  have  been  hatched  ; and  as  it  is  their  habit  to 
remain  almost  entirely  motionless  at  this  stage  of  their  existence, 
the  observation  can  be  made  with  the  greatest  facility  by  means  of 
the  Zoophyte-trough,  provided  that  the  subject  of  it  can  be  obtained. 
i)Iow  that  the  artificial  breeding  of  these  I’ish  is  largely  practised 
for  the  sake  of  stocking  rivers  and  fish-ponds,  there  can  seldom  be 
much  difiiculty  in  procuring  specimens  at  the  proper  period.  The 
store  of  yolk  which  the  yolk-bag  supplies  for  the  nutrition  of  the 
embryo,  not  being  exhausted  in  the  Fish  (as  it  is  in  the  Bird) 
previously  to  the  hatching  of  the  egg,  this  bag  hangs-down  from  the 
belly  of  the  little  creature  on  its  emersion ; and  continues  to  do  so 
until  its  contents  have  been  absorbed  into  the  body,  which  does 
not  take  place  for  some  little  time  afterwards.  And  the  blood  is 
distributed  over  it  in  copious  streams,  partly  that  it  may  draw 
into  itself  fresh  nutritive  material,  and  partly  that  it  may  be  sub- 
jected to  the  aerating  influence  of  the  surrounding  water. 

686.  The  Tadpole  serves,  moreover,  for  the  display,  under  proper 
management,  not  only  of  the  capillary  but  of  the  general  Circula- 
tion ; and  if  this  be  studied  under  the  Binocular  Microscope,  the 
observer  not  only  enjoys  the  gratification  of  witnessing  a most 
wonderful  spectacle,  but  may  also  obtain  a more  accurate  notion 
of  the  relations  of  the  different  parts  of  the  circulating  system 
than  is  otherwise  possible.]!  The  Tadpole,  as  every  Naturalist  is 


* A special  form  of  Live-box  for  the  observation  of  living  Tadpoles,  &c., 
contrived  by  F.  £.  Schultzo,  of  Kostock,  is  described  and  figured  in  the 
“ tiuart.  Jouni.  of  Microsc.  Science,”  N.S.,  Vol.  vii.  (1867),  p.  ..61. 

t A convenient  Trough  for  this  purpose  is  described  lu  the  (j,uar  . u. 

(>f  Microsc.  Science,”  Vol.  vii.  (1851)),  p.  113.  _ m j i.,  > • 

t See  Mr.  Whitney’s  account  of  ‘The  Oirculatiou  in  the  ladpole,  m 
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Wthin!  iV*’’"-  "“Jy  P“M  of  its  eriatence, 

^ ^ alone,  and  Raving  its  circulating  apparatus 

arianged  accordingly:  but  as  its  limbs  are  developed  and  Rs  tail 
becomes  relatively  shortened,  _ its  lungs  are  gradually  evolved  in 
preparation  for  its  terrestrial  life,  and  tbe  course  of  the  blood  is 
considerably  changed.  In  the  Tadpole  as  it  comes  forth  'from  the 
egg,  the  gdls  are  exteo-nal,  forming  a pair  of  fringes  hanging  at  the 

bases  of  these, 

concealed  by  opercula  or  gill-flaps  resembling  those  of  Fishes,  are 
seen  the  rudiments  of  the  internal  gills,  which  soon  beo-in  to  be 
developed  in  the  stead  of  the  preceding.  The  external  gflls  reach 
their  highest  development  on  the  fourth  or  flfth  day  after  emersion  ; 
and  they  then  wither  so  rapidly  (whilst  being  at  the  same  time 
drawn-in  by  the  growth  of  the  animal),  that  by  the  end  of  the  first 
week  only  a remnant  of  the  right  gill  can  be  seen  under  the  edf^e  of 
the  operculum  (fig.  2 c),  though  the  left  gill  {h)  is  somewhat  later  in 
Its  disappearance.  Concurrently  with  this  change,  the  internal  gills 
are  undergoing  rapid  development ; and  the  beautiful  arrangement 
of  their  vascular  tufts,  which  originate  from  the  roots  of  the 
arteries  of  the  external  gills,  as  seen  at  g,  fig.  6,  is  shown  in  fio-.  4. 
t IS  requisite  that  the  Tadpole  subjected  to  observation  should°not 

'•  have  lost  its  early  transparence  of  skin  ; 

and  it  IS  further  essential  to  the  tracing-out  the  course  of  the 
abdominal  vessels,  that  the  creature  should  have  been  kept  without 
ood  tor  some  days,  so  that  the  intestine  may  empty  itself.  This 
starving  process  reduces  the  quantity  of  red  corpuscles,  and  thus 
renders  the  blood  paler ; but  this,  although  it  makes  the  smaller 
branches  less  obvious,  brings  the  circulation  in  the  larger  trunks 
vr  “ Placing  the  Tadpole  on  his  back,”  says 

1 loob,  as  through  a pane  of  glass,into  the  chamber 

of  the  chest.  Before  us  is  the  beating  heart,  a bulbous-looking 
c^ity,  formed  of  the  most  delicate  transjiarent  tissues,  through 
which  are  seen  the  globules  of  the  blood,  perpetually,  but  alternately, 
entering  by  one  orifice  and  leaving  it  by  another.  The  heart 
(ilate  XXIV.,  fig.  3,  a)  appears  to  be  slung,  as  it  were,  between  two 
aims  or  branches,  extending  right  and  left.  From  these  trunks  (?d 
the  main  arteries  arise.  The  heart  is  enclosed  within  an  envelope 
or  pericardium  (c),  which  is,  perhaps,  the  most  delicate,  and  is, 
certainly,  the  most  elegant  beauty  in  the  creature’s  organism. 
Its  extieme  fineness  makes  it  often  elude  the  eye  under  the  single 
Microscope,  but  under  the  Binocular  its  form  is  distinctly  revealed. 

I.  hen  it  is  seen  as  a canopy  or  tent,  enclosing  the  heart,  but  of  such 
extreme  tenuity  that  its  folds  are  really  the  means  by  which  its 
existence  is  recognized.  Passing  along  the  course  of  the  great 

Soc.,”  N.S.,  Vol.  X.  (18G2),  p.  1,  and  his  subsequent 


“ Transact,  of  Microsc 
paper  ‘ On 
in  the  same 
described  the  internal 
second. 


the  Changes  wliicli  accompany  the  Jletamorplio.sis  of  the  Tadpole’ 
Transactions, Vol.  xv.,  p.  43.— In  tlie  lir.st  of  those  Mei  - — 


gills  as  lungs,  an  error  which  he 


^Memoirs  Mr.  W. 
corrected  in  tha 
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I ; vessels  to  the  right  and  left  of  the  heart,  the  eye  is  arrested  by  a 
, large  oval  body  (d)  pf  a more  complicated  structure  and  dazzling 
appear^ce.  This  is  the  internal  giU,  which,  in  the  Tadpole,  is  I 
ca^ty  formed  of  most  delicate  transparent  tissue,  traversed  by 
^ certain  arteries,  and  lined  by  a crimson  network  of  blood-vessell 
' ^11  ^“teriacing  of  which,  with  their  rapid  currents  and  dancing 
.globules,  forms  one  of  the  most  beautiful  and  dazzling  exhibitions 
ot  vascularity.”  Of  the  three  arterial  trunks  which  arise  on 
each  side  from  the  truncus  arteriosus,  h,  the  first,  or  cephalic,  e,  is 
distributed  entirely  to  the  head,  running  first  along  the  upper  edge 
of  the  gill,  and  giving  off  a branch,/,  to  the  thick-fringed  lip  which 
-surrounds  the  mouth ; after  which  it  suddenly  curves  upwards  and 
backwards,  so  as  to  reach  the  upper  surface  of  the  head,  where 
^it  dips  between  the  eye  and  the  brain.  The  second  main  trunk,  h, 
>seems  to  be  chiefly  distributed  to  the  gill,  although  it  freely  com- 
imunicates  by  a network  of  vessels  both  with  the  first  or  cephalic 
Land  with  the  third  or  abdominal  trunk.  The  latter  also  enters  the 
Lgul  and  gives  off  branches  ; but  it  continues  its  course  as  a large 
ttrunk,  bending  downwards  and  curving  towards  the  spine,  where  it 
1 meets  ite  fellow  to  form  the  abdominal  aorta,  i,  which,  after 
.giviug-off  branches  to  the  abdominal  viscera,  is  continued  as  the 
_ caudal  artery,  h,  to_  the  extremity  of  the  tail.  The  blood  is 

ir  .eturned  from  the  tail  by  the  caudal  vein,  I,  which  is  gradually 
rmcreased  in  size  by  its  successive  tributaries  as  it  passes  towards 
I Jm  abdominal  cavity ; here  it  approaches  the  kidney,  m,  and  sends 
Dti  a branch  which  encloses  that  organ  on  one  side,  while  the  main 
..runk  continues  its  course  on  the  other,  receiving  tributaries  from 
■'fc  1 j if  passes.  (This  supply  of  the  kidney  by  venous 

Ijtolood  IS  a peculiarity  of  the  lower  Yertebrata.)  The  venous  blood 
■eturned  from  the  abdominal  viscera,  on  the  other  hand,  is  collected 
nto  a trunk,  p,  known  as  the  portal  vein,  which  distributes  it 
hrough  the  substance  of  the  liver,  o,  as  in  Man ; and  after 
fhat  organ  it  is  discharged  by  numerous  fine  channels, 
which  converge  towards  the  great  abdominal  trunk,  or  vena  cava,  n, 
‘IS  it  passes  in  close  proximity  to  the  liver,  onwards  to  the  sinus 
'mosus,  q,  or  rudimentary  auricle  of  the  heart.  This  also  receives 
he  ptgular  vein,  r,  from  the  head,  which  first,  however,  passes 
lownwards  in  front  of  the  gill  close  to  its  inner  edge,  and  meets  a 
'em,  t,  coming  up  from  the  abdomen,  after  which  it  turns  abruptly 
in  the  direction  of  the  heart.  Two  other  abdominal  veins,  u,  meet 
■nd  pour  their  blood  direct  into  the  sinus  venosus ; and  into  this 
avity  is  also  poured  the  aerated  blood  returned  from  the  gill  by  the 
ranchial  vein,  v,  of  which  only  the  one  on  the  right  side  can  be 
istinguished.  The  lungs  may  be  detected  in  a rudimentary  state, 
ven  m the  very  young  tadpole  ; being  in  that  stage  a pair  of 
imute  tubular  sacs,  united  at  the  upper  extremities,  and  lying 
•ehind  the  intestine  and  close  to  the  spine.  They  may  be  best 
Drought  into  view  by  immersing  the  tadpole  for  a few  days  in 
, weak  solution  of  chromic  acid,  which  renders  the  tissue  friable, 
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bo  that  the  parts  that  conceal  them  maybe  more  readily  peeled 
gradual  enlargement  may  be  traced  during  the  Uriod 
ot  the  tadpole  8 transparence;  but  they  can  only  be  brought  into 
view  by  dissection  when  the  metamorphosis  has  been  completed. 
Ihe  following  are  Mr.  Whitney’s  directions  for  displaying  the 
Uiculation  in  these  organs  “ Put  the  young  Frog  into  a wine- 
glass and  drop  on  him  a single  drop  of  chloroform.  This  suffices 
to  extinguish  sensibility.  Then  lay  him  on  the  back  on  a piece  of 
coi^,  and  hx  him  with  small  pins  passed  through  the  web  of  each 
toot.  Kemove  the  skin  of  the  abdomen  with  a fine  pair  of  sharp 
scissors  and  forceps.  Turn  aside  the  intestines  from  the  left  side, 
and  thus  exjiose  the  left  lung,  which  may  now  be  seen  as  a glisten- 
ing transparent  sac,  containing  air  bubbles.  With  a fine  camel- 
hair  pencil  the  lung  may  now  be  turned-out,  so  as  to  enable  the 
operator  to  see  a large  part  of  it  by  transmitted  light.  IJnpin  the 
trog,  and  place  him  on  a slip  of  glass,  and  then  transmit  the  fight 
through  the  everted  portion  of  lung.  .Remember  that  the  lung  is 
very  elastic,  and  is  emptied  and  collapsed  by  very  slight  pressure, 
therefore,  to  succeed  with  this  experiment,  the  lung  should  be 
touched  as  little  as  possible,  and  in  the  lightest  manner,  with  the 
blush.  If  the  heart  is  acting  feebly,  you  will  see  simply  a trans- 
parent sac,  shaped  according  to  the  quantity  of  air-bubbles  it  may 
happ^  to  contain,  but  void  of  red  vascularity  and  circulation. 
But  should  the  operator  succeed  in  getting  the  lung  well  placed, 
lull  of  air,  and  have  the  heart  still  beating  vigorously,  he  will  see 
before  him  a brilliant  picture  of  crimson  network,  alive  with  the 
dance  and  dazzle  of  blood-globules,  in  rapid  chase  of  one  another 
through  the  delicate  and  living  lace-work  which  fines  the  chamber 
of  the  lung.’  The  position  of  the  lungs  in  relation  to  the  heart 
and  the  great  vascular  trunks,  is  shown  in  Plate  xxiv.,  fig.  6. 

• Injected  Preparations. — ISText  to  the  Circulation  of  the 
Blood  in  the  living  body,  the  varied  distribution  of  the  CaiDillaries 
in  its  several  organs,  as  shown  by  means  of  ‘ injections’  of  colour- 
ing matter  thrown  into  their  principal  vessels,  is  one  of  the  most 
interesting  subjects  of  Microscopic  examination.  The  art  of 
inaking  successful  prc2:>arations  of  this  kind  is  one  in  wliich  jierfec- 
tion  can  usually  be  attained  only  by  long  j^ractice,  and  by  atten- 
tion to  a great  number  of  minute  particulars  ; and  better  si^ecimeus 
may  be  obtained,  therefore,  from  those  who  have  made  it  a busi- 
ness to  produce  them,  than  are  likely  to  be  prepared  by  amateuns 
for  themselves.  ^ For  this  reason,  no  more  than  a general  account 
of  the  process  will  be  here  ofiTered ; the  minute  details  which  need 
to  be  attended- to,  in  order  to  attain  successful  results,  being  readily 
accessible  elsewhere  to  such  as  desire  to  jmt  it  in  practice.* 

♦ Seo  especially  the  article  ‘Injection,’  in  the  “Micrographic  Dictionary;” 
M.  Robin’s  work,  “ Du  Microscope  et  ties  Injections;’’  Prof.  H.  Frey’s  Treatise 
“Das  Mikroskop  nnd  die  Mikroskopischo  Technik  Dr.  Beale's  “How  to 
Work  with  the  Microscope  the  “ Handbook  to  the  Physiological  Laboratory;'' 
and  Rutherford’s  and  Schafer's  treatises  on  “Practical  Histology.’’ 
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Injections  may  be  either  opaque  or  transparent,  each  method  having 
its  special  advantages.  The  former  is  most  suitable  where  solid  fonn 
and  inequalities  of  surface  are  especially  to  be  displayed,  as  in 
Figs.  479  and  485 ; the  latter  is  preferable  where  the  injected 
tissue  is  so  thin  as  to  be  transparent  (as  in  the  case  of  the  retina 
and  other  membranes  of  the  eye),  or  where  the  distribution  of  its 
blood-vessels  and  their  relation  to  other  parts  may  be  displayed  by 
sections  thin  enough  to  be  made  transparent  by  mounting  either 
in  Canada  balsam  or  Dammar  (Plate  xxv.). — The  injection  is 
usually  thrown  into  the  vessels  by  means  of  a brass  syringe 
expressly  constnicted  for  the  purpose,  which  has  several  jet-pipes 
of  different  sizes,  adapted  to  the  different  dimensions  of  the  vessels 
to  be  injected  ; and  these  should  either  be  furnished  with  a stop- 
cock to  prevent  the  return  of  the  injection  when  the  syringe  is 
withdrawn,  or  a set  of  small  corks  of  different  sizes  should  be  kept 
in  readiness,  with  which  they  may  be  plugged.  The  pipe  should 
be  inserted  into  the  cut  end  of  the  trunk  which  is  to  be  injected, 
and  should  be  tied  therein  by  a silk  thread.  In  injecting  the 
vessels  of  Fish,  Mollusks,  &c.,  the  softness  of  the  vessels  renders 
them  liable  to  break  in  the  attempt  to  tie  them  ; and  it  is  therefore 
better  for  the  operator  to  satisfy  himself  with  introducing  a pipe 
as  large  as  he  can  insert,  and  with  passing  it  into  the  vessel  as 
far  as  he  can  without  violence.  AU  the  vessels  from  which  the 
injection  might  escape  should  be  tied,  and  sometimes  it  is  better 
to  put  a ligature  round  a part  of  the  organ  or  tissue  itself ; thus, 
for  example,  when  a portion  of  the  Intestinal  tube  is  to  be  injected 
through  its  branch  of  the  Mesenteric  artery,  not  only  should  liga- 
tures be  put  round  any  divided  vessels  of  the  mesentery,  but  the 
cut  ends  of  the  intestinal  tube  should  be  firmly  tied. — For  making 
those  minute  injections,  however,  which  are  needed  for  the  purposes 
of  anatomical  investigation,  rather  than  to  furnish  ‘ preparations 
to  be  looked-at,  the  Author  has  found  the  glass-syringe  (Fig.  106), 
so  frequently  alluded-to,  the  most  efiicient  instrument ; since  the 
Microscopist  can  himself  draw  its  point  to  the  utmost  fineness 
that  will  admit  of  the  passage  of  the  injection,  and  can  push  this 
point  Avithout  ligature,  under  the  Simple  Microscope, 
narrowest  orifice,  or  into  the  substance  of  the  part  into  which  the 
injection  is  to  be  thrown. — Save  in  the  cases  in  which  the  opera- 
tion has  to  be  practised  on  living  animals,  it  should  either  be  per- 
formed when  the  body  or  organ  is  as  fresh  as  possible,  or  after  the 
expiry  of  sufficient  time  to  allow  the  rigor  mortis  to  pass-off ; fhe 
presence  of  this  being  very  inimical  to  the  success  of  the  injection. 
I’he  part  should  be  thoroughly  warmed,  by  soaking  in  warm  water 
for  a time  proportionate  to  its  bulk  ; and  the  injection,  the  syringe, 
and  the  pipes  should  also  have  been  subjected  to  a temperature 
sufficiently  high  to  ensure  the  free  flow  of  the  liquid.  1 he 
used  in  pressing-down  the  piston  should  bo  very  moderate  at  first, 
blit  should  be  gradually  increased  as  the  vessels  become  nlled ; and 
it  is  better  to  Keep  up  a steady  pressure  for  some  time,  than  to 
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attempt  to^  distend  them  by  a more  powerful  pressure,  which  will 
oe  certain  to  cause  extravasation.  This  pressure  should  be  main- 
tained* until  the  injection  begins  to  flow  from  the  large  veins,  and 
t le  tissue  IS  thoroughly  reddened  ; and  if  one  syringeful  of  injec- 
tion alter  another  be  required  for  this  purpose,  the  return  of  the 
injection  should  be  prevented  by  stopping  the  nozzle  of  the  jet-pipe 
when  the  syrmge  is  removed  for  refillmg.  men  the  injection  has 
been  completed,  any  openings  by  which  it  can  escape  should  be 
seem  eel,  and  the  prei^aration  should  then  be  placed  for  some  hours 
in  cold  water,  for  the  sake  of  causing  the  size  to  ‘ set.’’f' 

688.  For  opaque  injections,  the  best  colouring-matter,  when  only 
one  set  of  vessels  is  to  be  injected,  is  Chinese  vermilion.  This,' 
however,  as  commonly  sold,  contains  numerous  particles  of  far  too 
large  a size  ; and  it  is  necessary  first  to  reduce  it  to  a greater  fine- 
ness by^  continued  trituration  in  a mortar  (an  agate  or  a steel 
ruortar  IS  the  best)  with  a small  quantity  of  water,  and  then  to  get 
lid  ol  the  larger  23articles  by  a jirocess  of  ‘ levigation,’  exactly  cor- 
lesjionding  to  that  by  which  the  jiarticles  of  coarse  sand,  &c.,  are 
separated  from  the  Diatomacece  (§  300).  The  fine  powder  thus 
obtained,  ought  not,  when  examined  under  a magnifying  ^lower  of 
200  diameters,  to  exhibit  particles  of  any  apjireciable  dimensions. 
The  size  or  gelatine  should  be  of  a fine  and  'pure  quality,  and 
should  be  of  sufficient  strength  to  form  a tolerably  firm  jelly  when 
cold,  whilst  quite  limpid  when  warm.  It  should  be  strained,  whilst 
hot,  through  a piece  of  new  flannel;  and  great  care  should  be 
taken  to  preserve  it  free  from  dust,  which  may  best  be  done  by 
putting  it  into  clean  jars,  and  covering  its  surface  with  a thin 
layer  of  ^ alcohol.  ^ The  jii'oportion  ol  levigated  vermilion  to  be 
mixed  with  it  for  injection,  is  about  2 oz.  to  a piut;  and  this  is  to 
be  stirred  in  the  melted  size,  until  the  two  are  thoroughly  incor- 
porated, after  which  the  mixture  should  be  strained  through  muslin. 
— ^Ithough  no  injections  look  so  well  by  reflected  light  as  those 
which  are  made  with  vermilion,  yet  other  colouring  substances  may 
be  advantageously  employed  for  paidicular  purposes.  Thus  a 
bright j/eWoto  is  given  by  the  yellow  chromate  of  lead,  which  is 
jjrecipitated  when  a solution  of  acetate  of  lead  is  mixed  with  a 
solution  of  chromate  of  potass  ; this  is  an  extremely  fine  powder, 
which  'runs’  with  great  facility  in  an  injection,  and  has  the 
advantage  of  being  very  cheaifiy  prepared.  The  best  method  of 
obtaining  it  is  to  dissolve  200  grains  of  acetate  of  lead  and  105 

* Simple  mechanical  an-angements  for  this  puipose,  by  which  the  fatigue 
of  maintainiug  this  pressure  with  his  hand  is  saved  to  the  oi^erator,  are 
described  in  the  Avorks  referred-to  in  the  preceding  note. 

t The  Kidney  of  a Sheep  or  Pig  is  a very  advantageous  organ  for  the  learner 
to  pr.actise-on ; and  he  should  first  master  the  filling  of  the  vessels  from  the 
arterial  trunk  alone,  and  then,  when  he  has  succeeded  in  this,  he  should  fill  the 
tubuli  nriniferi  Avitli  Avhite  injection,  before  sending  coloured  injection  into  the 
renal  artery.  The  entire  systemic  circulation  of  small  animals,  as  Mice,  Eats, 
Progs,  &c.,  may  bo  injected  from  the  aorta  ; and  the  pulmonary  vessels  from 
tlie  pulmonary  artery. 
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grains  of  chromate  of  potass  in  separate  quantities  of  water,  to 
mix  these,  and  then,  after  the  subsidence  of  the  precipitate,  to  pour- 
off  the  supernatant  fluid  so  as  to  get-rid  of  the  acetate  of  potash 
which  it  contains,  since  this  is  apt  to  corrode  the  walls  of  the 
vessels  if  the  pi'eparation  he  kept  moist.  The  solutions  should  be 
mixed  cold,  and  the  precipitate  should  not  be  allowed  to  dry  before 
being  incorporated  with  the  size,  four  ounces  of  which  will  be  the 
proportion  appropriate  to  the  quantity  of  the  colouring-substance 
produced  by  the  above  process.  The  same  materials  may  be  used 
in  such  a manner  that  the  decomposition  takes-place  within  the 
vessels  themselves,  one  of  the  solutions  being  thrown-in  flrst,  and 
then  the  other ; and  this  process  involves  so  little  trouble  or 
expense,  that  it  may  be  considered  the  best  for  those  who  are 
novices  in  the  operation,  and  who  are  desirous  of  perfecting  them- 
selves in  the  practice,  of  the  easier  methods,  before  attempting  the 
more  costly.  By  M.  Doyere,  who  first  devised  this  method,  it  was 
simply  recommended  to  throw-in  saturated  solutions  of  the  two 
salts,  one  after  the  other ; but  Dr.  Groadby,  who  had  much  ex- 
perience in  the  use  of  it,  advised  that  gelatine  should  be  employed 
in  the  proportion  of  2 oz.  dissolved  in  8 oz.  of  water,  to  8 oz.  of  the 
saturated  solutions  of  each  salt.  This  method  answers  very  well 
for  the  preparations  that  are  to  be  mounted  dry ; but  for  such  as 
are  to  be  preserved  in  fluid,  it  is  subject  to  the  disadvantage _ of 
retaining  in  the  vessels  the  solution  of  acetate  of  potash,  which 
exerts  a gradual  corrosive  action  upon  them.  Dr.  Groadby  has 
met  this  objection,  however,  by  suggesting  the  substitution  _ of 
nitrate  for  acetate  of  lead ; the  resulting  nitrate  of  potash  having 
rather  a preservative  than  a corrosive  action  on  the  vessels. — When 
it  is  desired  to  inject  two  or  more  sets  of  vessels  (as  the  arteries, 
veins,  and  gland-ducts)  of  the  same  preparation,  different  colouring 
substances  should  be  employed.  For  a white  injection,  the  carbo- 
nate of  lead  (prepared  by  mixing  solutions  of  acetate  of  lead  and 
carbonate  of  soda,  and  pouring-off  the  supernatant  liquid  when  the 
precipitate  has  fallen)  is  the  best  material,  hfo  hlue  injections  can 
be  much  recommended,  as  they  do  not  reflect  light  well,  so  that  the 
vessels  filled  with  them  seem  almost  black ; the  best  is  freshly 
precipitated  prussian  blue  (formed  by  mixing  solutions  of  persul- 
phate of  iron  and  ferrocyanide  of  potassium),  which,  to  avoid  the 
alteration  of  its  colour  by  the  free  alkali^  of  the  blood,  should  be 
triturated  with  its  own  weight  of  oxalic  acid  and  a little  water,  and 
the  mixture  should  then  be  combined  with  size,  in  the  proportion  of 
146  grains  of  the  former  to  4 oz.  of  the  latter.  ^ • a • i 

689.  Opaque  injections  may  be  preserved  either  dry  or  in  fluid. 
The  former  method  is  well  suited  to  sections  of  many  solid  organs, 
in  which  the  disposition  of  the  vessels  does  not  sustain  much 
alteration  by  drying ; for  the  colours  of  the  vessels  are  displayed 
with.  ffr6atGr  brillia>ncy  than  by  any  other  ixiethoQ,  when  such  slices, 
after  being  well  dried,  are  moistened  with  turpentine  and  inountcd 
in  Canada  balsam.  But  for  such  an  injection  as  that  shown  lu 
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F]g.  479,  in  whicli  the  form  and  disposition  of  the  intestinal  villi 
would  be  completely  altered  by  drying,  it  is  indispensable  that  the 

preparation  should  he  mounted 
in  fluid,  in  a cell  deep  enough 
to  prevent  any  pressure  on  its 
surface.  Either  Goadby’s  so- 
lution or  weak  Spirit  answers 
the  purpose  very  well ; or  by 
careful  management  even  such 
may  be  mounted  in  Canada 
balsam  or  Dammar. 

690.  Within  the  last  few 
years,  the  art  of  making  trans- 
parent Injections  has  been 
much  cultivated,  especially  in 
Germany ; and  beautiful  pre-  - 
joarations  of  this  description 
have  been  sent  over  from  that  .r 
country  in  large  numbers. 

The  colouring-matter  chieflv 
employed  is  Carmine,  which 
is  dissolved  in  liquid  ammonia; 
the  solution  (after  careful  filtration)  being  added  in  the  requisite 
amount  to  liquid  gelatine. 

The  following  is  given  by  Dr.  Carter  as  a fornaula  for  a carmine  injec- 
tion which  will  run  freely  through  the  most  minute  capillaries,  and  which 
will  not  tint  the  tissues  beyond  the  vessels  themselves,  a point  of  much 
importance  : — Dissolve  60  grains  of  pure  carmine  in  120  grains  of  strong 
liquor  amuionise  (Pharm.  Brit.),  and  filter  if  necessarj'^ ; with  this  mix 
thoroughly  1^  oz.  of  a hot  solution  of  gelatine  (1  to  6 of  water) ; mix 
another  4 oz.  of  the  gelatine  solution  with  86  minims  of  glacial  acetic  •. 
acid  ; and  drop  this,  little  by  little,  into  the  solution  of  carmine,  stirring 
briskly  the  whole  time.  After  the  part  has  been  injected,  and  has  been  • 
hardened  either  by  partial  drying  or  by  immersion  in  the  Chromic  acid 
solution  or  in  Alcohol,  thin  sections  are  cut  with  a sharp  razor ; and 
these  are  usually  dried  and  mounted  in  Canaria  balsam.  .• 

Many  of  these  transparent  injections  (Plate  xxv.)  are  peculiarly 
well  seen  under  the  Binocular  Microscope,  which  shows  the  capil-  1 
lary  network  not  only  in  two  dimensions  (length  and  breadth),  but  j 
also  in  its  third  dimension,  that  of  its  thickness  ; this  is  especially 
interesting  in  such  injections  as  that  (fig.  1)  of  the  villi  of  the  i-. 
Intestine  (^seen  in  situ  in  a transverse  section  of  its  tube),  a thin 
section  of  the  Mouse’s  toe  (fig.  2),  or  the  convoluted  layer  of  the 
Brain  (fig.  3).  The  Stereoscopic  effect  is  best  seen,  if  the  light  > 
reflected  through  the  object  be  moderated  by  a ground-glass,  or  |r 

even  by  a piece  of  tissue-paper,  placed  behind  it. — This  rnethod,  > 

however,  does  not  serve  to  display  anything  well,  save  the  distribu-  j 
tion  of  the  Capillary  vessels  ; the  structures  they  traverse  being 
imperfectly  shown.  For  the  purpose  of  scientific  research,  therefore, 


Fig.  479. 


Villi  of  Small  Intestine  of  Monkey. 
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Distbibutiox  of  Capiliahies. 
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the  method  followed  by  Dr.  Beale  (for  full  details  of  which  the 
reader  is  referred  to  his  Treatise)  is  much  to  be  preferred. 

The  material  recommended  by  him  for  the  finest  injections  is  prepared 
ras  follows  Mix  10  drops  of  the  tincture  of  perchloride  of  iron  (Pharm 
Brit.)  with  1 oz.  of  glycerine  : and  mix  3 grains  of  ferrocyanide  of  potas- 
' 8™“’ Pi’epously  dissolved  in  a little  water,  with  anotlier  1 oz.  of  glycerine 
Add  the  first  solution  very  gradually  to  the  second,  shaking  them  well 
•together;  and  lastly,  add  1 oz.  of  water,  and  3 drops  of  strong  hydro- 
chloric  acid.  This  ‘prussian  blue  fluid,’  though  not  a- solution,  de^sits 
very  little  sediment  by  keeping  ; and  it  appears  like  a solution  even 
when  examined  under  high  magnifying  powers,  in  consequence  of  the 
: minuteness  of  the  particles  of  the  colouring  matter.  Where  a second 
. colour  IS  required,  a cpmine  injection  may  be  used,  which  is  to  be  pre-' 
i pared  as  follows  : — Mix  5 grains  of  carmine  with  a few  drops  of  water 
fand,  when  they  are  well  incorporated,  add  about  5 drops  of  stroma  liquor 
ammonia.  To  this  dark  fed  solution  add  about  i oz.  of  glycerine,  shaking 
:the  bottle  so  as  to  mix  the  two  fluids  thoroughly;  and  then  very 
.gradually  pour  in  another  4 oz.  of  glycerine  acidulated  with  8 or  10  drops 
I of  acetic  or  hydrochloric  acid,  frequently  shaking  the  bottle.  Test  the 
imixture  with  blue  litmus  paper  ; and  mix  with  it  another  4 oz.  of 
fglycenne,  to  which  a few  drops  more  acid  should  be  added,  if  the  acid 
rreaction  of  the  liquid  should  not  have  xireviously  been  decided.  Finally 
• add  gradually  2 drachms  of  alcohol  previously  well  mixed  with  6 drachms 
ot  water,  and  incorporate  the  whole  by  thorough  shaking  after  the 
( addition  of  each  successive  portion. 

process  (§  202)  may  be  combined  with  the  injecting;  but 
JDr.  Beale  has  now  come  to  prefer  the  following  method,  when  such  a 
ccombmation  is  desired.  An  alkaline  carmine  fluid  rather  stronger  than 
tihat  ordinardy  employed  (carmine  15  grs.,  strong  liq.  ammoniie  4 drachm 
^glycerine,  2oz.,  alcohol,  6 drachms)  is  first  to  be  injected  carefully  with 
'very  slight  pressure ; the  ammonia  having  a tendency  to  soften  the  walls 
of  the  vessels.  When  they  are  fully  distended,  the  preparation  is  to  be 
Heft  for  from  12  to  24  hours,  in  order  that  time  may  be  allowed  for  the 
carmine  liquid  which  has  permeated  the  capillaries,  to  soak  through  the 
different  tissues  and  stain  the  germinal  matter  fully.  Next  a little  pure 
^•glycerine  is  to  be  injected,  to  get  rid  of  the  carmine  liquid;  and  the 
[orussian  blue  fluid  is  then  to  be  injected  with  the  utmost  care.  When 
tohe  vessels  have  been  fully  distended,  the  injected  preparation  is  to  be 
divided  into  very  small  pieces  ; and  these  are  to  be  soaked  for  an  hour 
J))r  two  in  a mixture  of  2 parts  of  glycerine  and  1 of  water,  and  then 
■ or  three  or  four  days  in  strong  glycerine  acidulated  with  acetic  acid 
o drops  to  1 oz.)  Preparations  thus  made  are  best  mounted  in 
glycerine  jelly ; and  may  then  be  examined  with  the  highest  powers  of 
:.'.he  Microscope.  ^ 

A well-injected  preparation  should  have  its  vessels  completely 
Tiled  through  every  part;  the  particles  of  the  colouring  matter 
■ihould  be  so  closely  compacted  together,  that  they  should  not  be 
distinguishable  unless  carefully  looked  for  ; and  there  should  be  no 
patches  of  pale  uninjected  tissue.  Still,  although  the  beauty  of  a 
specimen,  as  a Microscopic  object,  is  much  impaired  by  any 
deficiency  in  the  filling  of  its  vessels,  yet  to  the  Anatomist  the 
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dispo^tioTi  of  the  vessels  will  be  as  apparent  when’ they  are  only  filled 
m part  as  it  is  when  they  are  fully  distended ; and  in  thin  sections 
mounted  as  transparent  objects, imperfectly  injected  capillaries  may 
«(vi  than  such  as  have  been  completely  filled, 

f may  generally  be  traced  between  the  disposition 

ot  the  Capillary  vessels,  and  the  functions  they  subserve-  but 
that  relation  is  obviously  (so  to  speak)  of  a mechanical  kind - 
the  arrangement  of  the  vessels  not  in  any  way  determining 
the  function,  but  merely  administering  to  it,  like  the  arrange- 
ment of  water-  or  gas-pipes  in  a manufactory.  Thus  in  Fig.  480 
we  see  that  the  capillaries  of  adipose  substance  are  disposed  in  a 
net\TOi-k  with  rounded  meshes,  so  as  to  distribute  the  blood  among 
the  Fat-cells  (§  674) ; whilst  in  Fig.  481  we  see  the  meshes  enor- 
mously elongated,  so  as  to  permit  the  Muscular  fibres  (§  677)  to 
lie  in  them._  Again,  in  Fig.  482  we  observe  the  disposition  of 
the  Capillaries  around  the  orifices  of  the  follicles  of  a Mucous 


Fig.  480. 


Fig.  481. 


Capillary  network  around  Fat-cells. 


Capillary  network  of  Muscle. 


'^^6  see  the  looped  arrangement 
which  exists  in  the  papillary  surface  of  the  Skin,  and  which  is 


Fig.  482. 


Distribution  of  Capillaries  in 
Mucous  Membi'ane, 


Fig.  483. 


Distribution  of  Capillaries  in 
Skin  of  Finger. 


subservient  to  the  nutrition  of  the  epidennis  and  to  the  activity 
of  the  sensory  nerves  (§  682). 
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692.  In  no  part  of  tlie  Circulating  apparatus,  however,  does 
the  disposition  of  the  capillaries  present  more  points  of  interest, 
than  it  does  in  the  Respiratory  organs.  In  Fishes  the  respiratory 
surface  is  formed  by  an  outward  extension  into  fringes  of  gills, 
each  of  which  consists  of  an 

arch  with  straight  laminae  PifJ-  ^84. 

hanging  down  from  it ; and 
every  one  of  these  laminae 
(Fig.  484)  is  furnished  with  a 
double  row  of  leaflets,  which  is 
most  minutely  supplied  with 
blood-vessels,  their  network 
(as  seen  at  a)  being  so  close 
that  its  meshes  (indicated  by 
the  dots  in  the  figure)  cover 
less  space  than  the  vessels 
themselves.  The  gills  of  Fish 
are  not  ciliated  on  their  sur- 
face, like  those  of  Mollusks 
and  of  the  larva  of  the  W ater- 
ISTewt;  the  necessity  for  such 
a mode  of  renewing  the  fluid 
in  contact  with  them  being 
superseded  by  the  muscular 
apparatus  with  which  their 
giU-chamber  is  furnished. — 

But  in  Reptiles  the  respiratory 
surface  is  formed  by  the  walls 
of  an  internal  cavity,  that  of 

the  lungs  : these  organs,  how-  branchial  processes  of  the  GUI  of 

ever,  are  constructed  on  a plan  showing  the  branchial  lamellte : — 

very  different  from  that  which  portion  of  one  of  tliese  processes  ou- 
they  present  in  higher  "\7erte-  larged,  shoiving  the  capillary  network  of 
brata,  the  great  extension  of  the  lamellae. 

surface  which  is  effected  in  ..  - i • 

the  latter  by  the  minute  sub-division  of  the  cavity  not  being 
here  necessary.  In  the  Frog  (for  example)  the  cavity  of  each 
lung  is  undivided ; its  walls,  which  are  thin  and  membra- 
nous at  the  lower  part,  there  present  a simple  smooth  ex- 
panse;  and  it  is  only  at  the  upper  part,  where  the  extern 
sions  of  the  tracheal  cartilage  form  a network  over  the  inte- 
rior, that  its  surface  is  depressed  into 
lining  is  crowded  with  blood-vessels 

manner  a set  of  air-cells  is  forme  m e ?!?  .F  £Tpnp^r,» 
upper  wall  of  the  lung,  which  communicate  with  the  genera^ 
cavitv  and  very  much  increase  the  surface  over  which  the 
blood^ comes  into  relation  with  the  air;  but  each  air-coll  has 
a capillary  network  of  its  own,  which  lies  on  one  side  against 
its  Lll,  so  as  only  to  be  exposed  to  the  air  on  its  free 

o 
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surface.  In  the  elongated  lung  of  the  Snake  the  same  general 
arrangement  prevails  ; but  the  cartilaginous  reticulation  of  its  upper 

part  projects  much  further 
Eig.  485.  into  the  cavity,  and  encloses 

in  its  meshes  (which  are 
usually  square,  or  nearly  so) 
several  layers  of  air-cells, 
which  communicate,  one 
through  another,  with  the  ge- 
neral cavity. — The  structure 
of  the  lungs  of  Birds  present 
us  with  an  arrangement  of 
a very  different  kind,  the 
purpose  of  which  is  to  ex- 
pose a very  large  amount  of 
capillary  surface  to  the  influ- 
ence of  the  air.  The  entire 
mass  of  each  lung  may  be 
considered  as  subdivided 
into  an  immense  number  of 


Interior  of  upper  part  of  Lung  of  Frog. 


‘ lobules’  or  ‘ lunglets’  (Fig. 
486,  b),  each  of  which  has  its  own  bronchial  tube  (or  subdivision  of 
the  windpipe),  and  its  own  system  of  blood-vessels,  which  have 


A 


Fig.  486. 

B 


Interior  structure  of  Lung  of  Fowl,  as  displaj'ed  bj'  a section, 

A,  passing  in  the  direction  of  a bronchial  tube.aud  by  another 
section,  b,  cutting  it  across. 

wery  little  communication  with  those  of  other  lobules.  Each  lobule 
has  a central  cavity,  which  closely  resembles  that  of  a Frog’s  lung 
in  miniature,  having  its  walls  sti’eugthened  by  a network  of  cartilage 
derived  from  the  bronchial  tube,  a,  in  the  interspaces  of  which  are 
openings  leading  to  sacculi  in  their  substance.  But  each  of  these 
cavities  is  surrounded  by  a solid  plexus  of  blood-vessels,  which  does 
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: : lot  seem  to  be  covered  by  any  limiting  membrane,  but  which 
i jiadmits  air  from  the  central  cavity  freely  between  its  meshes  ; and 
L Itihus  its  capillaries  are  in 
I |i;mmediate  relation  with 
• I'.iir  on  all  sides, a provision 
t t /hat  is  obviously  very 
•^f  avourable  to  the  coin- 
I'llete  and  rapid  aeration 
L )f  the  blood  they  contain. 

— In  the  lung  of  Man 
R und  Mammals,  again,  the 
t Ilian  of  structure  differs 
k 'rom  the  foregoing, though 
b’  he  general  effect  of  it  is 
6 he  same.  For  its  whole 
k 1 nterior  is  divided-up  into 
L minute  air-ceUs,  which 
Ipreely  communicate  with 
w;ach  other,  and  with  the 
1 Itimate  ramifications  of 
-!he  air- tubes  into  which 
Ihe  trachea  subdivides ; and  the  network  of  blood-vessels  (Fig.  487) 
S3  so  disposed  in  the  partitions  between  these  cavities,  that  the 
i.'lood  is  exposed  to  the  air  on  both  sides.  It  has  been  calculated 
Lhat  the  number  of  these  air-cells  grouped  around  the  termination 
i:  f each  air-tube  in  Man  is  not  less  than  18,000 ; and  that  the  total 
Lumber  in  the  entire  lungs  is  six  hundred  millions. 

693.  The  following  list  of  the  parts  of  the  bodies  of  Vertobrata, 
i:f  which  injected  preparations  are  most  interesting  as  Microscopic 
’ bjects,  may  be  of  service  to  those  who  may  be  inclined  to  apply 
ihemselves  to  their  production. — Alimentary  Canal;  stomach, 
•hoiving  the  orifices  of  the  gastric  follicles,  and  the  rudimentary 
•.  iUi  near  the  pylorus  ; small  intestine,  showing  the  villi  and  the 
rrifices  of  the  follicles  of  Lieberkiihn,  and  at  its  lower  part  the 
’’eyerian  glands;  large  intestine,  showing  the  various  glandular 
DUicles : — Respiratory  Organs;  lungs  of  Mammals,  Birds,  and 
fleptiles  ; gills  and  swimming-bladder  of  Fish  ; — Glandular  Organs  ; 
ver,  gall-bladder,  kidney,  parotid: — Generative  Organs;  ovary  of 
’ 'oacl ; oviduct  of  Bird  and  Frog ; Mammalian  placenta  ; uterine 
rnd  foetal  cotyledons  of  Euminants : — Organs  of  Sense ; retina,  iris, 
:horoid,  and  ciliary  processes  of  eye,  pupillary  membrane  of  foetus  ; 
npillrn  of  tongue : mucous  membrane  of  nose,  papillae  of  skin  oi 
inger; — Tegumentary  Organs;  skin  of  different  parts,  hairy  and 
nmooth,  witn  vertical  sections  showing  the  vessels  of  the  hair-fol- 
cles,  sebaceous  glands,  and  papillae  : matrix  of  nails,  hoofs,  &c. : — 
'issues;  fibrous,  muscular,  adipose,  sheath  of  tendon: — Nei-vous 
'entree ; sections  of  brain  and  spinal  cord. 


Fig.  487. 


Arrangement  of  the  Capill.aries  on  the  ■walls 
of  the  Air-cells  of  tlie  Haman  Lunr/. 
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APPLICATIOX  OF  TUB  MICROSCOPE  TO  GEOLOGICAL  IXI'ESTIGATIOy. 

694.  The  utility  of  the  Microscope  is  by  no  means  limited  to  the 
determination  of  the  structure  and  actions  of  the  Organized  beings 
at  present  living  on  the  surface  of  the  Earth  ; for  a vast  amount 
of  information  is  afforded  by  its  means  to  the  Geological  inquirer, 
not  only  with  regard  to  the  minute  characters  of  the  many 
Vegetable  and  Animal  remains  that  are  entombed  in  the  succes- 
sive strata  of  which  its  crust  is  composed,  but  also  with  regard  to 
the  essential  nature  and  composition  of  many  of  those  strata  them- 
selves.— We  cannot  have  a better  example  of  its  value  in  both 
these  respects,  than  that  which  is  afforded  by  the  results  of  Micro- 
scopic examination  of  lignite  or  fossilized  wood,  and  of  ordinary 
coal,  which  we  now  assuredly  know  to  be  a product  of  the  decay  of 
wood. 

695.  Specimens  of  fossilized  looocl,  in  a state  of  more  or  less 
complete  preservation,  are  found  in  numerous  strata  of  very  dif- 
ferent ages, — more  frequently,  of  course,  in  those  whose  materials 
were  directly  furnished  by  the  dry  land,  and  were  deposited  in  its 
immediate  proximity,  than  in  those  which  were  formed  by  the 
deposition  of  sediments  at  the  bottom  of  a deep  ocean.  Generally 
speaking,  it  is  only  when  the  wood  is  found  to  have  been  pene- 
trated by  silex,  that  its  organic  structure  is  well  preserved ; but 
instances  occur  every  now  and  then,  in  which  penetration  by 
carbonate  of  lime  has  proved  equally  favourable.  In  either  case, 
transparent  sections  are  needed  for  the  full  display  of  the  organi- 
zation ; but  such  sections,  though  made  with  great  facility  when 
lime  is  the  fossilizing  material,  require  much  labour  and_  skill 
when  silex  has  to  be  dealt  with.  Occasionally,  however,  it  ha.s 
happened  that  the  infiltration  has  filled  the  cavities  of  the  cells  and 
vessels,  without  consolidating  their  walls ; and  as  the  latter  have 
undergone  decay  without  being  replaced  by  any  cementing  mate- 
rial, the  lignite,  thus  composed  of  tne  internal  ‘ casts’  of  the  woody 
tissues,  is  very  friable,  its  fibres  separating  from  each  other  like 
those  of  asbestos  ; and  laminm  split  asunder  with  a knife,  or  isolated 
fibres  separated  by  rubbing-down  between  the  fingers,  exhibit  the 
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characters  of  the  woody  structure  extremely  well,  wheu  mounted  iu 
( Canada  balsam. — Generally  speaking,  the  lignites  of  the  Tertiary 
■ strata  present  a tolerably  close  resemblance  to  the  woods  of  the 
(existing  period;  thus  the  ordinary  structure  of  dicoiyledonmis  and 
monocotyledonous  stems  may  be  discovered  iu  such  lignites  in  the 
•utmost  perfection;  and  the  peculiar  modification  presented  by 
coniferous  wood  is  also  most  distinctly  exhibited  (Fig.  259).  ^ As  we 
go  back,  however,  through  the  strata  of  the  Secondary  period,  we 
more  and  more  rarely  meet  with  the  ordinari^  dicotyledonous  struc- 
ture ; and  the  lignites  of  the  earliest  deposits  of  these  series  are, 

almost  universally,  either  Gymnosperms*  or 'Palms.  ^ 

696.  Descending  into  the  PalfBozoic  series,  we  are  presented  in  the 
vast  coal  formations  of  our  own  and  other  countries  with  an  extra- 
ordinary proof  of  the  prevalence  of  a most  luxuriant  vegetation  in 
a comparatively-early  period  of  the  world’s  history  ; and  the  Micio- 
scope  lends  the  Geologist  essential  assistance,  not  only  in  deter- 
mining the  nature  of  much  of  that  vegetation,  but  also  in  demon- 
Btrating  (what  had  been  suspected  on  other  grounds)  that  Coal 
itself  is  nothing  else  than  a mass  of  decomposed  vegetable  matter, 
derived  from  the  decay  of  an  ancient  vegetation.  _ Ihe  determina- 
tion of  the  characters  of  the  Ferns,  SujiUance,  Lepidodendra,  Cata- 
mites, and  other  kinds  of  vegetation  whose  forms  are  preserved  in 
the  shales  or  sandstones  that  are  interposed  between  the  stiata  ot 
Coal,  has  been  hitherto  chiefiy  based  on  their  external  characteis , 
since  it  is  seldom  that  these  specimens  present  any 
of  minute  internal  structure  as  can  be  subjected  to  Microscopic 
elucidation.  But  persevering  search  has  I'ecciitly  bi  ought  to  bg 
numerous  examples  of  Coal- plaints,  whose  in  , rnicro- 

sufficiently  well  preserved  to  allow  of  its  Williamson 

scopically  : and  the  careful  researches  of 

have  shown  that  they  formed  a series  of  conn  , , -vUied  to 

Cryptogamia  and  flowering  plants 

Equisetacea-;  Lycopodiacece,  &c.,  in  the  ^ i ‘ endo- 

fiction,  whilst  il 

genous  in  themassesofdecom- 

been  reduced  to  a pulpy  commenced),  the 

sohdation  by  pressme,  aided  J often  sufficient- 

traces  of  structure  revealed  by  the  JV  I determine 

nspenially  i n the  ordinary  ' tv  tile  sSist  iu 

its  vegetable  from  wtich  it  must  have 

assigning  the  character  ot  , ond  leaves  are  represented 

been  derived ; and  even  where  carbonaceous 

by  nothing  else  than  a structureless  mass  ot  warn 

• 1 icU  Uin  f'licadcfr  along  with  tho  ordinary  Con,- 

* Under  this  head  arc  included  tho  Cyta(  t b 

/erce  or  iiino  and  fir  tribe  Coal-riaiits,  in  the  recent  volumes 

t See  his  Huccossion  of  Menion  s on  luu 
of  tho  ■ ■ rhilosophical  Transaetions. 
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diffused  through  this  a multitude  of  minute 
in  which  are  sometimes  a^^regatS 

nf  these  maynowbe  Stv 

^Pn?+r  ^ represent  the  sjjores,  while  tL  sacculi  renre^ 

boniferoufpCr  “f  '^“• 

f'.  “ * *''®  P''°Portion  of  these  grannies 

the  bn^htei  and  stronger  is  the  flame  with  which  the  coal  burns  • 

to^'maLTin  tb  abound  to  such  a degree  as 

to  make  up  the  greater  proportion  of  their  substance  • whilst  in 

afZw?*’  t^^^ant  of  them  is  shoZ  b^fts 

iW  -ri  It  is  curious  that  the  dispersion"^ of  these 

granules  through  the  black  carbonaceous  matter  is  some- 

transparent  sections  very  much  the 

been  mistaken  even  by  experienced  microscopists  ; but  this  resem- 

tn  Lp*^^  ijisappears  under  a more  extended  scrutiny,  which  shows  it 
to  be  altogether  accidental.  »nuws  it 

be  followPd'''''n^;?"  of  Coal,  various  methods  may 

be  tollowed.  Of  those  kinds  which  have  sufficient  tenacity,  thin 

n’  opacity  of  the  substance  requires 

iZ  + sections  should  be  ground  extremely  thin  before  they 
crreardiZ^lb^^^^'Z  ’ friability  renders  this  process  one  o^ 

r W n * f}owever,  be  facilitated  by  using  Marine 

S^iZhpd  balsam,  as  the  cement  for  attaching  the 

rnbbpfl  °f  on  which  it  is 

thp^^  M-^  Poffiod  IS  recommended  by  the  authors  of 

Oie  Micrographic  Dictionary”  (2nd  edit.,  p.  178) :— » The  coal  is 
macerated  tor  about  a week  in  a solution  of  carbonate  of  potass ; at 
the  end  of  that  time,  it  is  possible  to  cut  tolerably  tliin  slices  with 
a razor.  Ihese  slices  are  then  placed  in  a watch  glass  with  strong 
nitric  acid,  covered  and  gently  heated;  they  soon  turn  brownish, 
then  yellow,  when  the  process  must  be  arrested  by  dropping  the 
whole  into  a saucer  of  cold  water,  or  else  the  coal  would  be  dis- 
solved. ihe  slices  thus  treated  appear  of  a darkish  amber-colour, 
veiy  transparent,  and  exhibit  the  stnicture,  when  existing,  most 
c ear  y.  We  have  obtained  longitudinal  and  transverse  sections  of 
oni  eious  woodfiom  various  coals  in  this  way.  The  specimens  are 
best  preserved  in  glycerine,  in  cells ; we  hud  that  spirit  renders 
them  opaque,  and  even  Canada  balsam  has  the  same  defect.”— 
VVhen  the  coal  is  so  friable  that  no  sections  can  be  made  of  it  by 
cither  of  these  methods,  it  may  be  ground  to  fine  powder,  and  the 
particffis  may  then,  after  being  mounted  in  Canada  balsam,  be 
subjected  to  Microscopic  examination : the  results  which  this  method 
attords  are  by  no  means  satisfactory  in  themselves,  but  they  will  ■ 
often  enable  the  organic  structure  to  be  sufficiently  determined,  by 
the  comparison  of  the  apjiearances  presented  by  such  fragments 
with  those  which  arc  more  distinctly  exhibited  elsewhere.  Valuable  • 
information  may  often  bo  obtained,  too,  by  treating  the  ash  of  an 
ordinary  coal-fire  in  the  same  manner,  or  (still  better)  by  burning 
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to  a white  ash  a specimen  of  coal  that  has  been  previously  boiled 
in  nitric  acid,  and  then  carefully  mounting  the  ash  in  Canada 
balsam  ; for  mineral  ‘ casts’  of  vegetable  cells  and  fibres  may  often 
be  distinctly  recognized  in  such  ash  ; and  such  casts  are  not  unfre- 
quently  best  afforded  by  samples  of  coal  in  which  the  method 
of  section  is  least  successful  in  bringing  to  light  the  traces  of 
organic  structure,  as  is  the  case,  for  example,  with  the  anthracite 
of  Wales. 

698.  Passing  on  now  to  the  Animal  kingdom,  we  shall  first  cite 
some  parallel  cases  in  which  the  essential  nature  of  deposits  that 
form  a very  important  part  of  the  Earth’s  crust,  has  been  deter- 
mined by  the  assistance  of  the  [Microscope  ; and  shall  then  select  a 
few  examples  of  the  most  important  contributions  which  it  has 
afforded  to  our  acquaintance  with  types  of  Animal  life  long  since 
extinct. — It  is  an  admitted  rule  in  Geological  science,  that  the  past 
history  of  the  Earth  is  to  be  interpreted,  so  far  as  may  be_  found 
possible,  by  the  study  of  the  changes  which  are  sfill 
Thus,  when  we  meet  with  an  extensive  stratum  of  fossilized 
macecB  (§  299)  in  what  is  now  diy  land,  we  can  entertain  no 
that  this  siliceous  deposit  originally  accumulated  either  at  the 
bottom  of  a fresh-water  lake  or  beneath  the  waters  of  the  ocean , 
just  as  such  deposits  are  formed  at  the  present  time  by  the  produc- 
tion and  death  of  successive  generations  of  these  bodies,  whose 
indestructible  casings  accumnlate  in  the  lapse  of  ages,  so  as  to  form 
layers  whose  thickness  is  only  limited  by  the  time  during  whic 
this  process  has  been  in  action  (§  298).  In  like  manner,  when  we 
meet  with  a Limestone-rock  entirely  composed  of  the  calcareous 
shells  of  Foraminifera,  some  of  them  entire,  others  broken  up  in  o 
minute  particles  (as  in  the  case  of  the  Ftosiolina-hmesione  oi  t e 
Carboniferous  period,  § 485,  and  the  mivirnidihc  hme^stoue  ot  the 
Eocene,  § 489),  we  interpret  the  phenomenon  by  the  tact  that  the 
dredgings  obtained  from  certain  parts  of  the  ocean-bottom  consist 
almost  entirely  of  remains  of  existing  Eoraminifera,  in  whic  ^ ^ iie 
shells,  the  animals  of  which  may  be  yet  alive,  are  mingled  wit 
debris  of  others  that  have  been  reduced  by  the_  action  ot  the 
to  a fragmentary  state.  Such  a deposit,  consisting  chiefly  oi 
toUtes,  § 466,  is  at  present  in  the  act  of  formation  on  certain  pa  s 
of  the  shores  of  Australia,  as  the  Author  was  informed  by  r.  • 
Beete  Jukes ; thus  affording  the  exact  parallel  to  the  straUim  o 
Orbitolites  (belonging,  as  his  own  investigations  have  le  ^ im  o 
believe,  to  the  very  same  species),  that  forms  part  of  the  . 

grossier’  of  the  Paris  basin.  So  in  the  fine  white  . 

brought  up  from  almost  every  part  of  the  sea-bottom  of  the  Levant, 
where  it  forms  a stratum  that  is  continually  undergoing  a ® 
steady  increase  in  thickness,  the  Microscopic  researc  es  • 

Williamson*  have  shown,  not  only  that  it  contains  ^ nfnblf. 
minute  remains  of  living  organisms,  both  Animal  an  eg  , 
but  that  it  is  entirely  or  almost  wholly  composed  of  such  remains. 

* “ Memoirs  of  tho  Manchester  Literary  and  Philosophical  Society,  Yol.  vii. 


824  application  TO  GEOLOGICAL  INVESTIGATION. 

^ about  26  species  of  Diatomacege  (siliceous),  8 
obipptq  /'■R’l*  (calcareous),  and  a miscellaneous  group  of 

. ^ S-  “loo),  consisting  of  calcareous  and  siliceous  spicules  of 


Pig.  488. 


Microscoi)ic  Organisms  in  Levant  Mud.— a,  n,  siliceous 
spicules  of  Tethya;  it,  ii,  spicules  of  Geodia;  c,  spouge-spiculo 
(unknown);  e,  calcareous  spicule  of  Grantin;  E,  g,  m,  o,  por- 
tions of  calcareous  skeleton  of  £’c/i/norfer»(u*t ; n,  i,  calcareous 
spicule  of  Gorffonia;K,  L,  n,  siliceous  spicules  of //rtf/WwiirWa; 

1*.  portion  of  prismatic  laj'er  of  shell  of  Pinna. 

Gorgouim,  and  fragments  of  the  calcareous  skeletons 
o.  Echinoderms  and  Mollusks.  A collection  of  forms  strongly  re- 
sembling that  of  the  Levant  mud,  with  the  exception  of  the  siuceous 
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Diatomacea3,  is  fouiicl  in  many  parts  of  the  ‘ calcaire  grossier’  of 
the  Paris  basin,  as  well  as  in.  other  extensive  deposits  of  the  same 
early  Tertiary  period. 

699.  It  is,  however,  in  regard  to  the  great  Chalk  Formation,  that 
the  information  afforded  by  the  Microscope  has  been  most  valuable. 
Mention  has  already  been  made  (§  480)  of  the  fact  that  a large 
proportion  of  the  Noi'th  Atlantic  sea-bed  has  been  found  to  be 
covered  with  an  ‘ ooze’  chiefly  formed  of  the  shells  of  Glohigerince ; 
and  this  fact,  first  determined  by  the  examination  of  the  small 
quantities  brought  up  by  the  sounding  apparatus,  has  been  fully 
confirmed  by  the  results  of  the  recent  exploration  of  the  Deep-sea 
with  the  dredge ; wliich,  bringing  \;p  half  a ton  of  this  deposit  at 
once,  has  shown  that  it  is  not  a mere  surface-film,  but  an  enormous 
mass  whose  thickness  cannot  be  even  guessed  at.  “ Under  the 
^Microscope,”  says  Prof.  Wyville  Thomson*  of  a sample  of  1-j  cwt. 
obtained  by  the  dredge  from  a depth  of  nearly  three  miles,  “ the 
surface-layer  was  found  to  consist  chiefly  of  entire  shells  of  Glohi- 
gerina  hulloides,  large  and  small,  and  of  fragments  of  such  shells 
mixed  with  a quantity  of  amorphous  calcareous  matter  in  fine 
particles,  a little  fine  sand,  and  many  spicules,  j)ortions  of  spicules, 
and  shells  of  E-adiolaria,  a few  spicules  of  Sponges,  and  a few 
frustules  of  Diatoms.  Below  the  surface-layer  the  sediment  be- 
comes gradually  more  compact,  and  a slight  grey  colour,  due,  pro- 
bably, to  the  decomposing  organic  matter,  becomes  more  pronounced, 
while  perfect  shells  of  Globigerina  almost  disai^pear,  fragments 
become  smaller,  and  calcareous  mud,  structureless,  and  in  a fine 
state  of  division,  is  in  greatly  preponderating  proportion.  One 
can  have  no  doubt,  on  examining  this  sediment,  that  it  is  formed 
in  the  main  by  the  accumulation  and  disinte^'ation  of  the  shells  of 
Globigerina ; the  shells  fresh,  whole,  and  living,  in  the  surface- 
layer  of  the  deposit ; and  in  the  lower  layers  dead,  and  gradually 
crumbling  down  by  the  decomposition  of  their  organic  cement,  and 
by  the  pressure  of  the  layers  above.”  This  white  calcareous  mud 
also  contains  in  large  amount  the  ‘ coccoliths’  and  ‘ coccospheres 
formerly  described  (§  409). — Now  the  resemblance  which  this 
Globigerina-mud,  when  dried,  bears  to  Chalk,  is  so  close  as  atcmce  to 
suggest  the  similar  origin  of  the  latter  ; and  this  is  fully  confiimed 
by  Microscopic  examination.  For  many  samples  of  it  con^st  in 
great  part  of  the  minuter  kinds  of  Foraminifera,  especially  Globi- 
gerince  (Figs.  489,  490),  whose  shells  are  imbedded  in  a mass  of 
apparently  amorphous  particles,  many  of  which,  nevertheless, 
present  indications  of  being  the  worn  fragments  of  similar  she  s,  or 
of  larger  calcareous  organisms.  In  the  Chalk  of  some  localities,  t e 
disintegrated  prisms  of  Pinna  563),  or  of  other  large  shells  of  the 
like  structure  {a.8  Inoceramus),  form  the  great  bulk  of  the  recogniz- 
able components;  whilst  in  other  cases,  again,  the  chief  part  is  made 
up  of  the  shells  of  Gytherina,  a marine  form  of  Lntomostracous 
Crustacean  (§  604).  Difterent  specimens  of  Chalk  vary  greatly  in 
♦ “ The  Df'ptlis  of  flic  Sea/’  p.  410. 


826  APPLICATION  TO  GEOLOGICAL  INVESTIGATION. 

the  pioportion  which  the  distinctly  organic  remains  bear  to  the 
amorphons  residnnm,  and  which  the  dilferent  kinds  of  the  former 
bear  to  each  other;  and  this  is  quite  what  might  be  anticipated, 
wnen  _we  bear  m mind  the  predominance  of  one  or  another  tribe 
ot  Ammals  in  the  several  parts  of  a large  area  ; but  it  may  be  fairly 
concluded  from  what  has  been  already  stated  of  the  amorphous 


Fig.  489, 


Microscopic  Organisms  in  Chalk iroin  Gravesend: — a,  b,  c,  cl, 
Textnlaria  globulosa ; e,  e,  e,  Eotalia  aspera ; f,  Textula'i-ui 
aculeata ; g,  Plannlaria  hexas ; h,  Navicida. 

component  of  the  Globigerina-mud,  that  the  amoiqihons  constituent 
of  Chalk  likewise  is  the  disintegrated  residuum  of  roraminiferal 
shells.  -But  further,  the  Globigerina-mud  now  in  process  of  forma- 
tion is  in  some  places  literally  crowded  with  Sponges  having  a 
complete  siliceoiis  skeleton  (§  511) ; and  some  of  them  bear  such  an 
extraordinarily  close  resemblance,  alike  in  structure  and  in  external 
form,  to  the  Ventriculites  which  are  well  known  as  Chalk-fossils,  as 
to  leave  no  reasonable  doubt  that  these  also  lived  as  siliceous 
sponges  on  the  bottom  of  the  Cretaceous  sea.  Other  sponges,  also, 
are  found  in  the  Globigerina-mud,  the  structure  of  whose  homy 
skeleton  corresponds  so  closely  with  the  sponge-tissues  which  can 
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be  recognized  in  sections  of  nodular  Flints,  Agates,*  &c.,  as  to 
make  it  clear — when  taken  in  connection  with  correspondence  of 
external  form — that  such  flints  are  really  fossilized  sponges,  the 
silicifying  material  having  been  furnished  by  the  solution  of  the 
skeletons  of  the  sihceous  sponges,  or  of  deposits  of  Diatoms  or 
Eadiolaria.  Further,  in  many  sections  of  Flints  there  are  found 

Fig.  490. 


Microscopic  Organisms  in  Chalk  from  Meudon  seen  partlj’’  as  opaque, 
and  partly  as  transpai-ent  objects. 

minute  bodies  termed  XcmtUclia,  which  bear  a strong  resemblance 
to  the  sporangia  of  certain  DesmicliacecB  (Fig.  ® 

Author  has  found  similar  bodies  in  the  midst  of  appears  o 

be  sponge-tissue  imbedded  in  the  Globigerma-mnd.  And  (as  was 
first  pointed  out  by  Mr.  Sorby)  the  coccohths  and  coccospheres  at 
present  found  on  the  sea-bottom  (§  409),  are  often  to  be  discovered 
by  the  microscopic  examination  of  Chalk  f All  these  c(OTe- 
spondences  show  that  the  formation  of  Chalk  took  pkce  under  con- 
ditions essentially  similar  to  those  under  which  the  deposit  of 

* See  Dr.  Bowerbank’s  Memoirs  in  the  “Transact,  of  the  Geolog.  Society,  ’ 
1840,  and  in^tbe  “ Ann.  pf  Chalk;  in  “Ana. 

of  Nat. 


■ On  the  Organic  origin  of  the  so-called  - Crystalloids  of  Chalk, 
Nat.  Hist.,”  Ser.  3,  Vol.  viii.  (18G1),  pp.  193-200. 
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Globigerina-nuid  is  being  formed  over  tlie  Atlantic  sea-bed  at  tlie 
present  time. 

700.  In  examining  Clialk  or  other  similar  mixed  aggregation, 
yfhose  component  particles  are  easily  separable  from  each  other,  it 
IS  desiiable  to  separate,  with  as  little  trouble  as  possible,  the  larger 
and  more  definitely  organized  bodies  from  the  minute  amorphous 
particles  ; and  the  mode  of  doing  this  will  depend  upon  whether  we 
are  operating  upon  the  large  or  upon  the  small  scale.  If  the  foi-mer, 
a quantity  of  soft  Ghalk  should  be  rubbed  to  powder  with  water, 
by  means  of  a soft  brush ; and  this  water  should  then  be  proceeded 
with  according  to  the  method  of  levigation  already  directed  for 
separating  the  Diatomaceae  (§  300).  It  will  usually  be  found  that 
toe  first  dejDOsits  contain  the  larger  Foraminifera,  fragments  of 
fehell,  &c.,  and  that  the  smaller  Foraminifera  and  Sponge-spicules 
fall  next ; the  fine  amorphous  particles  remaining  diffused  through 
the  water  after  it  has  been  standing  for  some  time,  so  that  they 
may  be  poured-away.  The  organisms  thus  separated  should  be 
dried  and  mounted  in  Canada  balsam. — If  the  smaller  scale  of  pre- 
jiaration  be  preferred,  as  much  Chalk  scraped  fine  as  will  lie  on  the 
jioint  of  a knife  is  to_  be  laid  on  a drop  of  water  on  the  glass  slide, 
and  allowed^  to  remain  there  for  a few  seconds  ; the  water,  with  any 
particles  still  floating  on  it,  should  then  be  removed  ; and  the 
sediment  left  on  the  glass  should  be  dried  and  mounted  in  Bal- 
sam. For  examining  the  structure  of  Flints,  such  cliips  as  may 
be  obtained  with  a hammer  will  commonly  serve  very  well ; a clear 
translucent  flint  being  first  selected,  and  the  chips  that  are  obtained 
being  soaked  for  a short  time  in  tuipentine  (which  increases  their 
transparence), those  wliich  show  organic  structure,  whether  Sponge- 
tissue  or  Xanthidia,  are  to  be  selected  and  mounted  in  Canada 
balsam.  The  most  perfect  specimens  of  Sj)onge-structure,  how- 
ever, are  only  to  be  obtained  by  slicing  and  pohshing, — a process 
which  is  best  performed  by  the  lajudary. 

701.  There  are  various  other  deposits,  of  less  extent  and  import- 
ance than  the  great  Chalk-formation,  which  are,  Hke  it,  composed  in 
great  part  of  Microscopic  organisms,  chiefly  minute  Foraminifera ; 
and  the  presence  of  animals  of  this  grouj)may  be  largely  recognized, 
by  the  assistance  of  this  instrument,  in  sections  of  Calcai*eous 
rocks  of  various  dates,  whose  other  materials  were  fragnmnts  of 
Corals,  Encrinite-stems,  or  the  shells  of  Mollusks.  In  the  forma- 
tion of  the  Coralline  Crag’  (Tertiary)  of  the  eastern  coast  of  Eng- 
land, Polyzoaries  (§  548)  had  the  greatest  share ; but  the  Tertiary 
limestone  of  which  Paris  is  chiefly  built  consists  almost  exclusively 
of  the  shells  of  Miliollda  (§  462),  and  is  thus  known  as  Miliolite 
(millet-seed)  limestone.  In  the  vast  stratum  of  Xummulitic  lime- 
stone (Fig.  333),  which  was  formed  at  the  commencement  of  the 
Tertiary  j)eriod,  the  Microscope  enables  us  to  see  that  the  matrix 
in  which  the  large  entire  Nummnlites  are  embedded,  is  itself  com- 
posed of  comminuted  fragments  and  young  of  the  same,  togetlier 
with  minuter  Foraminifera.  In  the  OoHtic  (Secondai-y)  formation. 
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again,  tliere  are  many  beds  whicb  are  shown  by  the  Microscope  to 
liave  been  chiefly  composed  of  Foraminiferal  shells  ; and  in  those 
portions  which  exhibit  the  ‘ roe-stone’  arrangement  from  which 
the  rock  derives  its  name  (such  as  is  beautifully  displayed  in 
many  specimens  of  Bath-stone  and  Portland-stone),  it  is  found  by 
Microscopic  examination  of  transparent  sections,  that  each  rounded 
concretion  is  composed  of  a series  of  concentiac  spheres  formed  by 
successive  calcareous  deposits  upon  a central  nucleus,  which 
nucleus  is  often  a Foraminiferal  shell.  In  these  and  similar  calca- 
reous formations,  the  entire  materials  of  which  were  obviously  fur- 
nished by  the  accumulation  of  animal  remains,  it  not  unfreqxiently 
happens  that  all  traces  of  their  origin  are  obliterated  by  local 
* metamorphic’  action  usually  dependent  upon  neighbouring  Volcanic 
heat ; and  thus  a crystalline  marble,  whose  particles  present  not  the 
least  evidence  of  organic  arrangement,  may  have  been  formed  by  the 
metamorphosis  of  Chalky,  Oolitic,  or  Nummulitic  hmestone.  Now 
there  is  very  strong  evidence  that  the  vast  mass  of  sub- crystalline 
‘ Carboniferous’  limestone,  which  forms  our  coal-basins,  has  had  a 
similar  origin  in  Foraminiferal  and  Zoophy tic  life ; tne  traces  of 
which  have  been  for  the  most  part  removed  by  the  metamorphic 
action  involved  in  its  upheaval.  For  where  it  has  sustained  but  little 
disturbance, the  evidences  of  its  organic  (chiefly  Foraminiferal)  origin 
are  unmistakable.  Thus  in  the  great  plains  of  Russia,  there  are  cer- 
tain bands  of  limestone  of  this  epoch,  varyingin  tliickness  from  fifteen 
inches  to  five  feet,  and  frequently  repeated  through  a vertical  depth 
of  two  hundred  feet  over  very  wide  areas,  which  are  almost  entirely 
composed  of  the  extinct  genus  Fnsulina  (Fig.  331).  Again,  those 
parts  of  the  Carboniferous  limestone  of  Ireland  which  have  under- 
gone least  disturbance,  can  be  plainly  shown,  by  the  examination  of 
Microscopic  sections,  to  consist  of  the  remains  of  Foraminifera, 
Polyzoa,  fragments  of  Corals,  &c.  And  where,  as  not  unfrequently 
happens,  beds  of  this  limestone  are  separated  by  clay  seams,  these 
are  found  to  be  loaded  with  ‘ Microzoa’  of  various  kinds,  particularly 
FovOiininifcvci  (of  which  the  Sciccciminct,  Fig.  319,  ci,  has  come 
down  to  the  present  time),  and  the  beautiful  Polyzocmes  known 
as  ‘ lace-corals.’ 

702.  Mention  has  been  already  made  (§  487  note)  of  Prof.  Ehren- 
berg’s  very  remarkable  discovery,  that  a'jlarge  proportion  (to  say 
the  least)  of  the  green  sands  which  present  themselves  in  various 
stratified  deposits,  from  the  Silurian  epoch  to  the^  Tertiary  period, 
and  which  in  certain  localities  constitute  what  is  known  as  the 
Greensand  formation  (beneath  the  Chalk),  is  composed  of  the  casts 
of  the  interior  of  minute  shells  of  Foraminifera  and  Mollusca,  the 
shells  themselves  having  entirely  disappeared.  The  mineral 
material  of  these  casts  has  not  merely  filled  the  chambers  and 
their  communicating  passages  (Fig.  328,  A,  n),  but  has  also  pene- 
trated even  to  its  minutest  ramifications,  the  canal-system  oi  the 
intermediate  skeleton  (Figs.  332,  337).  The  precise  parallel  to 
these  deposits  presents  itself  in  certain  spots  of  the  existing  sea- 
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bottom,  such  as  the  Agulhas  hank  near  the  CajDe  of  Good  Hope; 
where  the  dredge  comes  up  laden  with  a green  sand,  which,  on 
microscopic  examination,  proves  to  consist  almost  entirely  of 
‘ internal  casts’  of  existing  Foraminifera,  that  must  have  been 
forined  by  the  chemical  replacement  of  their  protoj^lasmic  bodies 
by  ferruginous  silicates  precipitated  from  the  Sea-water.  And 
this  fact  gives  the  clue  to  the  interpretation  of  the  conditions  nnder 
which  the  ‘ Eozoic  Limestone’  of  Canada  (§  497),  formed  on  the 
sea-bottom  of  the  Laurentian  epoch  by  the  extension  of  continuous 
Foraminiferal  growth  resembling  a Coral  reef,  became  interpene- 
trated with  a like  deposit  of  green  silicate  of  magnesia  (serpentine), 
of  whose  presence  in  large  amount  in  the  sea-water  of  that  period 
there  is  ample  evidence. — The  determination  of  the  organic  nature 
of  this  Serpentine-limestone,  which  is  one  of  the  lowest  mem- 
bers of  a series  of  strata  so  far  below  those  in  which  oro-anic 
remains  had  previously  been  detected,  that,  to  use  the  words  (Tf  Sir 
William  Logan,  the  appearance  of  the  so-called  ‘ Primordial  Fanna’ 
is  a comparatively  modern  event, — may  be  regarded  as  the  most 
remarkable  achievement  of  Microscopic  inquiry  as  applied  to 
Geology. 

703.  It  is  obvious  that,  under  ordinary  circumstances,  only  the 
hard  parts  of  the  bodies  of  Animals  that  have  been  entombed  in  the 
depths  of  the  earth  are  likely  to  be  preserved ; but  from  these  a vast 
amount  of  information  may  be  drawn;  and  the  inspection  of  a 
microscopic  fragment  will  often  reveal,  with  the  utmost  certainty, 
the  entire  nature  of  the  organism  of  which  it  formed  jiart.  Minute 
fragments  of  the  tests  or  spines  of  all  Echinodermata,  and  of  all  such 
Molluscous  shells  as  present  distinct  appearances  of  structure  (this 
being  especially  the  case  with  the  Brachiopods,  and  with  certain 
families  of  LameUibranchiate  bivalves),  may  be  unerringly  identi- 


(Fig.  491)  serve  to  show  the  entire  conforaiity  in  the  structure 
of  these  organs  to  the  ‘ composite’  type  wliich  is  so  remarkable  a 
characteristic  of  the  higher  Articulata  (§  626),  but  it  also  brings  to 
light  certain  peculiarities  which  help  to  determine  the  division  of 
the  great  Crustacean  series  with  which  this  group  has  most 
alliance.* 

• See  Prof.  Biirmeistor  “On  tbo  Organiz.ation  of  the  Trilobitcs,"  pulli-slicd 
by  the  Ray  8ociet.y,  p.  19, 


Eye  of  Trilobite. 


fied  by  its  means,  when 
the  external  forms  of  these 
fragments  would  give  no 
assistance  whatever. — In 
the  study  of  the  important 
ancient  group  of  Trilo- 
hifes,  not  only  does  a 
klicroscojDic  examination 
of  the  ‘ casts’  which  have 
been  jireservcd  of  the 
surface  of  their  Eyes 
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701.  It  is,  however,  in  the  case  of  the  Teeth,  the  Bones,  and 
the  Dermal  skeleton  of  Yertebrated  animals,  that  the  value  of 
Microscopic  inquiiy  becomes  most  apparent ; since  their  structure 
presents  so  many  characteristics  which  are  subject  to  well-marked 
variations  in  their  several  Classes,  Orders,  and  Families,  that  a 
knowledge  of  these  characters  frequently  enables  the  Microscopist 
to  determine  the  nature  of  even  the  most  fragmentary  specimens, 
with  a positiveness  which  must  appear  altogether  misplaced  to 
such  as  have  not  studied  the  evidence.  It  was  in  regard  to  teeth, 
that  the  possibility  of  such  determinations  was  first  made  clear  by 
the  laborious  researches  of  Prof.  Owen  ;*  and  the  following  may  be 
given  as  examples  of  their  value : — A rock-formation  extends  over 
many  pai’ts  of  Russia,  whose  mineral  characters  might  justify  its 
being  likened  either  to  the  Old  or  to  the  Neio  Red  sandstone  of  this 
country,  and  whose  position  relatively  to  other  strata  is  such  that 
there  is  great  difficulty  in  obtaining  evidence  from  the  usual  sources 
as  to  its  place  in  the  series.  Hence  the  only  hope  of  settling  this 
question  (which  was  one  of  great  practical  importance,  since,  if 
the  formation  were  new  Red,  Coal  might  be  expected  to  underlie  it, 
whilst  if  old  Red,  no  reasonable  hope  of  Coal  could^  be  entertained) 
lay  in  the  determination  of  the  Organic  remains  which  this  stratum 
might  yield ; but  unfortunately  these  were  few  and  fragmentary, 
consisting  chiefly  of  teeth  which  are  seldom  perfectly  preserved. 

Fig.  492. 


From  the  gigM 
was  at  first  in 


Section  of  Tooth  of  Ldbyrinthoilon. 

of  these  teeth,  togethw  wi 
fiat  they  belonged  to  Saui 
♦ See  his  maguificcnt  “ Odontography." 
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which  case  the  Sandstone  would  have  been  considered  as  !New  Red ; 
but  Microscopic  examination  of  their  intimate  structure  unmis- 
takably  proved  them  to  belong  to  a genus  of  Fishes  [Denclroclm) 
which  is  exclusively  Palaeozoic,  and  thus  decided  that  the  forma- 
tion must  be  Old  Red. — So  again,  the  Microscopic  examination  of 
certain  fragments  of  teeth  found  in  a sandstone  of  ^Warwickshire, 
disclosed  a most  remarkable  type  of  tooth-structure  (shown  in 
Fig.  492),  which  was_  also  acertained  to  exist  in  certain  teeth  that 
had  been  discovered  in  the  ‘ Kenpersandstein’  of  Wirtemberg  ; and 
the  identity  or  close  resemblance  of  the  animals  to  which  these 
teeth_  belonged  having  been  thus  established,  it  became  almost 
certain  that  the  Warwickshire  and  Wirtemberg  sandstones  were 
equivalent  formations,  a point  of  much  Geological  importance. 
The  next  question  arising  out  of  this  discovery,  was  the  nature  of 
the  animal  (provisionally  teraied  Lahyrinthodon,  a name  expressive 
of  the  most  peculiar  feature  in  its  dental  structure)  to  which  these 
teeth  belonged.  They  had  been  referred,  from  external  characters 
merely,  to  the  order  of  Saurian  Reptiles  : but  it  is  now  clear  that 
they  were  gigantic  Salamandroid  having  many  points  of 

relationship  to  Geratodus  (the  Australian  ‘ mnd-fish’),  which  shows 
a similar  though  simpler  dental  organization. 

705.  The  researches  of  Prof.  Qnekett  on  the  minute  structure  of 
hone*  have  _ shown  that  from  the  average  size  and  form  of  the 
lacunae,  their  disposition  in  regard  to  each  other  and  to  the 
Haversian  canals,  and  the  number  and  course  of  the  canaliculi 
(§  653),  the  nature  of  even  a minute  fragment  of  Bone  may  often 
be  determined  with  a considerable  approach  to  certainty ; as  in  the 
following  examples,  amon^  many  which  might  be  cited: — Dr. 
Falconer,  the  distinguished  investigator  of  the  fossil  remains  of  the 
Himalayan  region,  and  the  discoverer  of  the  gigantic  fossil  Tortoise 
of  the  Sivalik  hills,  having  met  with  certain  small  bones  about 
which  he  was  doubtful,  placed  them  for  minute  examination  in  the 
hands  of  Prof.  Quekett,  who  informed  him,  on  Microscopic  evidence, 
that  they  might  certainly  be  pronounced  Rejitilian,  and  probably 
belonged  to  an  animal  of  the  Tortoise  tribe : and  this  determination 
was  fully  borne-out  by  other  evidence,  which  led  Dr.  Falconer  to 
conclude  that  they  were  toe-bones  of  his  great  Tortoise. — Some 
fragments  of  Bone  were  found,  many  years  since,  in  a Challi-pit, 
which  were  considered  by  Prof.  Owen  to  have  foimed  part  of  the 
wing-bones  of  a long- winged  sea-bird  allied  to  the  Albatross.  This 
determination,  founded  solely  on  considerations  derived  from  the 
very  imperfectly-preserved  external  forms  of  these  fragments,  was 
called  in  question  by  some  other  Paleontologists ; who  thought  it 
more  probable  that  these  bones  belonged  to  a large  species  of  the 
extinct  genus  Pterodactyhis,  a flying  lizard  whose  wing  was  ex- 
tended upon  a single  immensely -prolonged  digit.  No  species  of 

* See  Ills  Memoir  on  tlie  ‘Comparative  Structure  of  Bone,’  in  the  “Transact, 
of  the  Microsc.  Soc.,"  Ser.  1,  Vol.  ii. ; nml  tlie  “Catalogue  of  the  Histological 
Museum  of  thoKoy.  Coll,  of  Siugeons,"  ’i'ol.  ii. 
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Ptevodactyle,  however,  at  all  comparable  to  this  in  dimensions,  was 
at  that  time  known ; and  the  characters  furnished  by  the  configura- 
tion of  the  bones  not  being  in  any  degree  decisive,  the  question 
would  have  long  remained  unsettled,  had  not  an  ap^^eal  been  made 
to  the  Microscopic  test.  This  appeal  was  so  decisive,  by  showing 
that  the  minute  structure  of  the  bone  in  question  corresponded 
exactly  with  that  of  Pterodactyle  bone,  and  differed  essentially 
from  that  of  every  known  Bird,  that  no  one  who  placed  much 
reliance  upon  that  evidence  could  entertain  the  slightest  doubt  on 
the  matter.  By  Prof.  Owen,  however,  the  vahdity  of  that  determina- 
tion was  questioned,  and  the  bone  was  still  maintained  to  be  that  of 
a Bird ; until  the  question  was  finally  set  at  rest,  and  the  value  of 
the  Microscopic  test  triumphantly  confirmed,  by  the  discovery  of 
rmdoubted  Pterodactyle  bones  of  corresponding  and  even  of  greater 
dimensions,  in  the  same  and  other  Chalk  quarries. 

706.  The  application  of  the  Microscope  to  Geology  is  not,  how- 
ever, limited  to  the  discovery  or  determination  of  Organic  structure  ; 
for,  as  has  been  now  satisfactorily  demonstrated,  very  important 
information  may  be  acquired  by  its  means  respecting  the  Mineral 
composition  of  Bocks,  and  the  mode  of  their  formation.  The 
Microscopic  examination  of  the  sediments  now  in  course  of  deposi- 
tion on  various  parts  of  the  great  Oceanic  area,  and  especially  of 
the  large  number  of  samples  brought  up  in  the  ‘ Challenger’ 
soundings,  has  led  to  this  very  remarkable  conclusion, — that  the 
debris  resulting  from  the  degradation  of  Continental  land-masses 
are  not  carried  far  from  their  shores,  being  entirely  absent  from  the 
bottom  of  the  deep  Ocean-basins.  The  sediments  there  found, 
where  not  of  Organic  oi-igin,  mainly  consist  of  volcanic  sands  and 
ashes,  which  are  found  in  Volcanic  areas,  and  of  clay  that  seems  to 
have  been  produced  by  the  disintegration  of  masses  of  pumice 
< vesicular  lava),  which,  after  long  floating,  and  dispersion  by 
surface-drift  or  ocean-cuiTents,  have  become  water-logged  and  have 
sunk  to  the  bottom.  As  no  ordinary  siliceous  sand  is  found  any- 
where save  in  the  neighbourhood  of  Continents  and  Continental 
islands,  and  as  all  Oceanic  islands  are  the  products  of  local  Volcanic 
outbursts,  this  absence  of  all  trace  of  submerged  Continental  land 
over  the  great  Oceanic  area,  affords  strong  confirmation  to  the 
belief  which  Geological  evidence  has  been  gradually  tending  to 
establish,  that  the"  sedimentary  rocks  which  form  the  existing 
land,  were  deposited  in  the  immediate  neighbonrhood  of  pre- 
existing land,  whose  degradation  furnished  their  materials ; and 
consequently  that  the  original  disposition  of  the  gi*eat  Continental 
and  Oceanic  areas  was  not  very  different  from  what  it  now  is.* 
Further,  the  microscopic  examination  of  these  Oceanic  sediments 
reveals  the  presence  of  extremely  minute  particles,  which  seem  to 
correspond  in  composition  to  meteorites,  and  whicli  there  is 
strong  reason  for  regarding  as  ‘cosmic  dust’  pervading  the  inter- 

• Sco  Prof.  Goikio’s  Locturo  on  ‘Goograpliical  Evolution,’  in  tlie  “Pro-, 
coedings  of  tbo  Royal  Geographical  Society,”  July,  1H7!). 
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planetary  spaces  —Thiis  the  application  of  the  Microscope  to  the 
study  ol  these  deposits,  brings  ns  in  contact  with  the  greatest 
questions  not’only  of  Terrestrial  but  also  of  Cosmical  Physics  ; and 
turnwhes  evidence  of  the  highest  value  for  their  solution. 

iOi.  The  application  of  the  Microsco|ie  to  the  determination  of 
the  ma/terials  of  the  sediments  now  in  jirocess  of  deposition  on  the 
Ucean-bottom,  leads  us  to  another  great  department  of  Microscopic 
inquiry  now  being  extensively  prosecuted,— namely,  Microscopk  S 
letroLorjy,  or  the  study  of  the  JMineral  materials  and  Physical  6 
stiiicture  of  Rocks,  ^ For  although  the  Greologist  has  no  difficulty  * 
in  determining  by  his  unaided  eye,  with  the  use  of  simple  chemical  I 
tests,  the  mineral  composition  of  rocks  of  coarse  texture,  and  in  f 
distinguishing  the  fragments  of  previously  existing  rocks  of  which  t 
they  have  been  built-up,  the  case  is  different  with  those  of  extremely  « 
line  grain,  still  more  with  such  as  present  an  apjiarently  homo-  S 
geneous,  compact,  and  glassy  character.  Por  it  is  only  by  the  ■ 
microscopic  study  of  these,  that  any  trustworthy  conclusions  can  | 
be  arrived  at  in  regard  to  the  mode  in'which  they  have  originated.  ■ 
and  the  changes  they  have  subsequently  undergone;  and  such  ■ 
study  often  reveals  facts  of  the  most  unexjiected  kind  and  the  most  B 
striking  significance. — Thus,  many  conqiact  sedimentarij  rocks, 
whose  homogeneous  appearance  to  the  eye  or  the  hand-magnifier 
gives  no  clue  to  their  origin,  are  found,  when  thin  sectiSns  of  X 
them  are  examined  microscopically,  to  be  aggregations  of  minute  X 
TOiinded  and  water- worn  grains  (often  less  than  1-lOOOth  of  an  S 
inch  in  diameter)  of  Quartz,  Felspar,  Mica,  soft  and  hard  Clays.  S 
Clay-slate,  Oxide  of  Iron,  Iron-pyrites,  Carbonate  of  Lime,  frag-  B 
ments  of  fossil  Organisms,  &c.,  arranged  ivithout  any  trace  of  B 
decided  structure  or  crystalhzation.  In  rocks  exliibiting  sJatif  M 
cleavci^/e,  again,  the  direction  in  which  the  pressure  has  been  apphed  I 
is  indicated  in  a microscopic  section  by  the  elongation  or  flattening  B 
out  of  some  of  the  particles,  ivith  a sliding  movement  of  others.  . B 
In  regard  to^  erujjtive  or  igneous  rocks,  on  the  other  hand,  the  B 
results  of  microscopic  examination  enable  it  to  be  stated  that  m 
Avhether  possessing  the  hardest  and  most  compact  substance,  and  B 
presenting  the  most  homogeneous  and  even  glassy  aspect,  or  B 
existing  under  the  form  of  the  softest  and  finest  powder  (like  the  M 
dust-ash  of  volcanoes),  the  rocks  of  this  class  are  characterized — m 
as  a rule — by  the  minutely-crystalline  character  of  their  mineral  K 
components  ; and  this  even  when  their  vitrification  seems  to  the  B 
eye  so  complete,  as  to  forbid  the  expectation  of  any  such  recogni-  B 
tion.  And  in  this  manner  a clue  is  obtained  to  the  sources  of  B 
those  rocks ; which  (there  is  now  strong  reason  to  believe)  have  B 
been  formed  for  the  most  part,  if  not  universally,  by  tlie  melting-  B 
down  of  the  rocks  pi-e-existiug  in  the  neighbourliood,  and  not  B 
ejected  (as  according  to  the  older  theory)  from  the  general  molten  M 
interior  of  the  earth. — Again,  we  are  often  enabled  by  the  same  m 
means  to  trace-out  the  ‘ rnetamorphic’  action  by  which  one  kind  of  ■ 
rock  has  been  converted  into  another  subsequently  to  its  first  B 
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clepositiou  as  a sediment.  Of  this  the  change  of  a calcareous 
deposit  made-iip  of  the  remains  of  Foraminif era  with  fragments  of 
shells,  corals,  &c.-,  into  a crystalline  Limestone,  is  one  of  the  most 
common;  occurring  wherever  the  rock  has  been  snbiected  to 
pressure  and  contortion,  and  especially  in  the  near  neighbourhood 
outbursts  _ And  there  can  now  be  little  hesitation  in 
attributing  much  oi  this  conversion  to  the  solvent  action  of  water 
raised  to  a very  high  temperature  under  enormous  pressure.  A 
very  cunous  piece  of  evidence,  moreover,  has  now  been  furnished 
by  J^croscopic  study,  in  support  of  the  doctrine  which  other 
considerations  render  probable,  that  soiue  forms  of  Granite  (to  say 
the  least)  have  been  generated  from  sedimentary  rocks  by  meta- 
moiphic  agency  of  a like  nature.  For  it  has  been  shown  by  Mr. 
bm'by  that  the  quartz-crystals  of  Granite  often  enclose  water  or 
other  liquids  (sometimes  hquid  carbonic  acid)  in  cavities  in  their 
interior;  which  cavities,  however,  are  not  filled  with  the  liquid,  the 
remaining  spaces  being  occupied  by  vapour.  This  fact  cannot  be 
otherwise  accounted  for,  than  by  supposing  that  the  crystallization 
must  have  taken  place  in  the  presence  of  water ; and  that  this 
water,  though  liquid,  must  have  been  so  hot  as  at  that  time  to  fill 
the  cavities  which  it  now  occupies  only  partially,  the  size  of  the 
present  vacuity  marking  the  amount  of  its  subsequent  shrinkage 
during  the  cooling  of -the  mass. 

708.  As  this  study,  however,  can  only  be  successfully  prosecuted 
by_  such  as  have  previously  obtained  a considerable  knowledge  of 
Mineralogy,  further  details  would  obviously  be  unsuitable  to  onr 
present  purpose ; which  is  only  to  excite  an  interest  in  these 
researches,  and  to  give  such  general  directions  as  will  be  of  service 
to  beginners  who  may  be  disposed  to  follow  them  out. — The  mode 
in  which  Kock-sections  are  to  be  cut,  is  essentially  the  same  as  that 
for  which  directions  have  already  been  given  (§§  192-196) ; but 
it  will  be  found  desirable  to  use  broader  and  thicker  glasses ’than 
the  ordinary  3x1  inch  size,  so  that  the  sections  may  be  about  an 
inch  square.  The  emery-plate  should  only  be  used  for  the  hardest 
rocks,  as  the  softer  will  be  disintegrated  when  rubbed  upon  it. 
For  these  last,  a fine  corundum-file,  or  a piece  of  pumice-stone,  is 
to  be  prefei-red  in  the  first  instance,  and  a fine  Water-of-Ayr  stone 
for  finishing.  When  the  rock  is  very  friable,  it  may  be  saturated 
■with  hardened  Canada  balsam  before  nibbing  down.  As  sections 
of  the  thinness  usually  required  may  not  bear  being  transferred 
' from  the  glasses  to  which  they  are  cemented,  it  will  be  desirable 
'that  the  attachment  of  a flattened  and  polished  surface  to  the 
- glass  on  which  any  section  is  to  remain,  should  be  finally  made 
I before  the  reduction  of  its  thickness  has  been  such  as  to  involve 
•the  risk  of  its  fracture  in  the  jirocess.* 

* An  “ Elementary  Text-book  of  Totrology”  lias  lately  been  publisliod  bv 
'Mr.  F.  Itutley,  of  H.M.  Geological  Survey.  The  more  advnnced  Student 
should  have  recourse  to  the  successive  Memoirs  published  by  Mr.  Sorby  in 
the  Journal  of  the  Geological  Society,  the  Proceedings  of  the  Yorkshire 
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709.  In  the  application  of  the  Microscope  to  Petrological  and 
Mineralogical  research,  the  employment  of  Polarized  Light  is  con- 

riG.  49.3. 


Nachet’s  Small  Mineralogical  Microscope. 

stantly  required ; and  vaidous  means  and  appliances  ax’e  needful 
for  its  most  advantageous  application,  which  are  not  required  b)" 

Geological  Society,  and  elsewhere,  especially  the  following : — ‘ On  some 
Peculiarities  in  the  Microscopic  Structure  of  Crystals,’  in  “Journ.  of 
Geolog.  Society,”  Vol.  xiv.,  p.  242 ; ‘ On  the  Microscopic  Structure_  of 
Crystals,  indicating  the  Oi’igiu  of  Minerals  and  Hocks,”  Op.  cU.,  p.  4o3; 
‘ On  the  Original  Nature  and  subsequent  Alteration  of  Mica-Schist,’  Op.  ci7., 
Vol.  xix.,  p.  401 ; ‘Sur  I’Application  du  Microscope  h I'Etude  de  la  Gdolope 
I’hysique,’  in  “Bull.  Soc.  Gdol.  do  Paris,”  1859-60,  p.  568;  and  his  Presidential 
Addresses  to  the  Geological  Society,  1879  and  1880. — Also  the  Memoir  by 
Mr.  David  Forbes, ‘The  Microscope  in  Geology,’  in  the  “Poixular  Science 
Review,”  Oct.  1867  ; the  Treatise  of  Vogelsang,  “ Philosophie  der  Geologic 
und  Mikroskopische  Gestelnsstudien,”  Bonu,  1867  ; various  subsequent 
Memoirs  by  tlio  same;  the  Treatises  of  Zirkel,  “Mikroskopische  Bes- 
chaffenheit  der  Mineralion  u.  Gestcine,”  187.3,  and  “ Microscopic  Petrographj 
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the  ordinary  Microscopist.*  An  instrument  having  been  recent^ 
brought  out  by  M.  Nachet,  which  combines  all  that  the  large 
experience  of  MM.  Pouqne  and  Michel  Levy  has  led  them,  to 
think  desirable  for  Mineralogical  and  Petrological  investigation, 
i.in  account  of  it  is  here  subjoined. — In  all  Microscopes  previously 
constructed  for  this  purpose,  the  rotation  of  the  object  on  the 
Stage  between  the  Polarizing  and  the  Analyzing  prisms  was  liable 
to  put  it  out  of  position  in  regard  to  the  cross-threads  in  the  eye- 
piece ; as  the  centering  of  the  Objective  is  scarcely  ever  so  perfect 
as  not  to  produce  some  displacement,  and,  if  the^  centering  be 
adjusted  so  as  to  be  perfect  for  one  Objective,  it  is  likely  to  be 
faulty  for  another.  .Isow,  the  peculiarity  of  M.  Nachet’s  construc- 
tion is,  that  the  Eye-piece,  with  its  cross-threads  and  analyzing 
prism,  remains  fixed  above  (being  carried  upon  a sej^arate  arm), 
whilst  the  Body  and  Stage  (with  the  object  it  carries)  can  be  made 
to  rotate  altogether  around  the  optic  axis,  above  the  Polarizing 
prism  which  remains  fixed  beneath ; the  angular  amount  of  this 
rotation  being  measured  by  a graduated  ring,  and  a vernier  attached 
to  the  stage.  By  this  arrangement,  the  object  is  made  to  r(riate 
between  the  two  prisms  of  the  Polarizing  apparatus,  without 
changing  its  position  beneath  the  Objective,  and  therefore  without 
displacing  its  image  from  its  contact  with  the  cross-threads  of 
4-1..^  ...........  .T.  ntriT,/.*!,  this  plan  is  worked-out  in 


493 


the  Eye-piece.  The  mode  in  which  _ ^ . 

the  ordinary  small  Continental  model,  is  shown  in  Fig- 
whilst,  on  the  other  hand.  Fig.  494  represents  the  largest  and 
most  complete  form  of  the  instrument.  In  this  last,  the  iippci 
part  of  the  body,  caiTying  the  eye-piece  and  analyzing  prism, 
can  be  raised  or  lowered  by  the  pinion  attached  to  the  fixe 
arm  that  carries  it.  At  M,  immediately  beneath  the  eye-piece, 
is  a small  mirror,  so  placed  as  to  illuminate  the  cross-wires 
the  field  is  dark.  The  analyzing  prism  is  inserted  at  A,  in  sucli  a 
manner  as  to  allow  of  being  readily  withdrawn  when  its  ac  ion  is 
not  required.  The  Stage,  with  its  traversing  object-platform  n,  is 
made  to  rotate  in  the  optic  axis  by  the  pinion  M ; wfiic  i can  e 
thrown  out  of  gear  so  as  to  enable  the  rotation  to  be  mac  ■ y 
hand;  and  the  object-platform,  which  f gradiiated  botfi 

directions,  is  fitted  with  a square  against  which  the  s i e a . , - 

that  any  particular  point  in  a section,  whose  place  has  . . 
noted  by  the  scales,  can  be  readily  found  again. 
prism  N,  is  mounted  quite  independently  of  the  stage, 

tbo  Treatises 


graphiquo,  Eochos  Eruptives  Fran<;aiso8,  (loviaed  for  tiiis  purpose  bv 

* Thfifinserintionof  a Microscope  ..f,; 


* The  description  of  a Micniscope  .-i-....-----./  - will  be  foutid  at  i>. 

Mr.  Eutley,  and  made  by  Mr.  Watson  (of  Tall  Mall),  will  bi.  louncl  i 

his  Text-book. 
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precisely  centred  by  tbe  two  miJled-beads,  c and  c'.  In  the  lower 
(rotating)  part  of  the  body,  there  is  a horizontal  slit  at  b for  the 
introduction  of  lamimn  of  gypsum,  quartz,  &c;  and  into  the  fower 


Fig.  491 


Nacbet’s  Largo  Miueralogical  Microscope, 

end  of  the  ocular  tube  can  be  fitted  a cone  that  carries  the  cou- 
v(!rging  lenses  necessary  to  transform  the  instrument  into  an 
Amici  microscojie,  its  distance  from  the  objective  being  regulated 
by  the  rack  near  the  top  of  the  eye-tube. 


CHAPTER  XX. 


CUYSTALLIZATION. — POLAMZATION. — 3IOLECXJLAR  COALESCENCE. 

710.  Although  by  far  tb.e  most  numerous  and  most  important 
applications  of  tbe  Microscope  are  those  by  wbicli  the  structure 
and  actions  of  Organized  beings  are  made  known  to  us,  yet  there 
are  many  Mineral  substances  w^hich  constitute  both  interesting 
and  beautiful  objects  ; being  remarkable  either  for  the  elegance  of 
their  forms  or  for  the  beauty  of  their  colours,  or  for  both  combined. 
The  natural  forms  of  Inorganic  substances,  when  in  any  way  syny 
metrical,  are  so  in  virtue  of  that  peculiar  arrangement  of  their 
particles  which  is  termed  crystallization;  and  each  substance 
which  crystallizes  at  all,  does  so  afber  a certain  type  or  plan,^ — the 
identity  or  difference  of  these  types  furnishing  characters  of  primary 
value  to  the  Mineralogist.  It  does  not  follow,  however,  that  the 
form  of  the  crystal  shall  be  constantly  the  same  for  each  substance ; 
on  the  contrary,  the  same  plan  of  crystallization  may  exhibit  itself 
under  a great  variety  of  forms ; and  the  stiidy  of  these  in  such 
minute  crystals  as  are  appropriate  subjects  for  observation  by  the 
Microscope,  is  not  only  a very  interesting  application  of  its  powers, 
but  is  capable  of  affording  some  valuable  hints  to  the  designer. 
This  is  particularly  the  case  with  crystals  of  Snout,  which  belong 
to  the  ‘ hexagonal  system,’  the  basis  of  every  figure  being  a hexagon 
of  six  rays ; for  these  rays  “ become  encrusted  with  an  endless 
variety  of  secondary  formations  of  the  same  kind,  some  consisting 
of  thin  laminae  alone,  others  of  solid  but  translucent  prisms  heaped 
one  upon  another,  and  others  gorgeously  combinmg  laminm  and 
indsms  in  the  richest  profusion  the  angles  by  which  these  figures 
are  bounded  being  invariably  60°  or  120°.  Beautifid  arborescent 
forms  are  not  unfrequently  produced  by  the  peculiar  mode  of  aggre- 
gation of  individual  crystals  : of  this  we  have  often  an  example  on 
a large  scale  on  a frosted  window  ; but  microscopic  ci'ystallizations 
sometimes  present  the  same  curious  phenomenon  (Fig;  495).— In 
the  following  list  are  enumerated  some  of  the  most  interesting 
natural  specimens  which  the  Mineral  kingdom  affords  as  kHcro- 
scopic  objects  ; these  should  be  viewed  by  reflected  light,  under  a 
very  low  power : — 

■»  Seo  Mr.  Glaislier’s  Memoir  on  ‘ Rnow-Cryst.als  in  numerous 

beautiful  figures,  iu  “Quart.  Jouru.  of  MicroSc.  Sci.,”  Vol. iii.  (1855),  p.  1/9. 
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Auumony,  sulpluiret 
Asbestos 
Aveu  tiirine 
Ditto,  artifioial 
Copper,  native 

arseniate 

malachite- ore 

peacock-ore 

pyrites  (siilphnret) 

ruby-ore 


Iron,  ilvaite  or  Elba-ore 

pyrites  (sulphuret) 

Lapis  lazuli 
Lead,  oxide  (minium) 

— sulphuret  (galena) 
Silver,  crystallized 
Tin,  crystallized 

• oxide 

— ; — sulphuret 
Zinc,  crystallized. 


L bin  sections  of  Grramte  aud  other  rocks  of  the  more  or  less 
regularly-crystalhne  structure  adverted  to  in  the  preceding  para- 
graph,  also  of  Agate,  Arragonite,  Tremolite,  Zeolite,  and  other 
’^ery  beautiful  objects  for  the  Polariscope. 

/il.  ihe  actual  process  of  the  Formation  of  Crystals  may  be 

watched  under  the  Microscope 
^th  the  greatest  facility ; all 
that  is  necessaiy  being  to  lay 
on  a slip  of  glass,  previously 
warmed,  a saturated  solution  of 
the  Salt,  and  to  incline  the  stage 
in  a slight  degree,  so  that  the 
drop  shall  be  thicker  at  its 
lower  than  at  its  upper  edge. 
The_  crystallization  will  speedily 
liegin  at  the  upjDer  edge,  where 
the  proportion  of  liquid  to  sohd 
is  most  quickly  reduced  by  eva- 
j^oration,  and  ivill  gradually  ex- 
tend downwards.  If  it  should  go 
on  too  slowly,  or  should  cease 
altogether,  whilst  yet  a large 
proj)ortion  of  the  liquid  remains, 
the  slide  may  be  again  warmed, 
and  the  jjart  already  solidi- 
, . , . . fied  may  be  re-dissolved,  after 

wliicn  the  j^rocess  will  recommence  with  increased  rapidity. — This 
interesting  sjiectacle  may  be  watched  under  any  Dlicroscope  ; and 
the  works  of  Adams  and  others  among  the  older  observers  testify 
to  the  great  interest  which  it  had  for  them.  It  becomes  far  more 
striking,  however,  when  the  crystals,  as  they  come  into  being,  are 
made  to  stand  out  bright  upon  a dark  ground,  by  the  use  of  the 
bpot  lens,  the  Paraboloid,  or  any  other  form  of  Black-ground' 
illumination  ; still  more  beautiful  is  the  spectacle  when  the  Polar- 
izing apiiaratus  is  emjiloyed,  so  as  to  invest  the  ciystals  with  the 
most  gorgeous  variety  of  hues.  Yery  interesting  results  may  often 
be  obtained  from  a mixture  of  two  or  more  Salts  ; aud  some  of  the 
Double  Salts  give  forms  of  peculiar  beauty.*  A further  variety 

follo'win^  fliroctions  have  boon  given  bv  Mr.  D.avies  (“Quart..  Jourii- 
of  Micro.sc.  ,Sci.,”  N.S.,  Vol.ii.,  18(52,  p.  128,  and  Vol.  v.  p.  20f>)  for  obtaining 


Crysiallined  Silver. 
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may  be  produced  by  fusing  the  film  of  the  substance  which  has 
crystalhzed  from  its  solution  ; since  on  the  temperature  of  the  glass 
slide  duimg  the  solidification  will  depend  the  size  and  arrangement 


Fig.  49G. 


Eadiatiug  Crystallizatiou  of  Santoniuo. 


of  the  crystals.  Thus  Santonine,  when  crystallizing  rapidly  on  a 
very  hot  plate,  forms  large  crystals  radiating  from  centres  without 


t'liesc.  “ He  makes  a nearly  saturated  solution,  say  of  the  double  Sulphate 
of  Copper  and  Magnesia  ; he  dries  rapidly  a portion  on  a glass  slide,  allowing 
it  to  become  hot,  so  as  to  fuse  the  salt  in  its  water  of  crystallization ; there  then 
remains  an  amoi’phous  film  on  the  hot  glass.  On  allowing  the  slide  to  cool 
slowly,  the  particles  of  the  salt  will  absorb  moisture  from  the  atmosphere,  and 
begin  to  arrange  themselves  on  the  glass,  commencing  from  points.  If  then 
)>laced  under  the  Microscope,  tlie  points  will  be  seen  starting  up  hero  and 
there ; and  from  those  centres  the  crystals  may  be  watched  as  they  burst  into 
blossom  .and  spread  their  petals  on  the  plate.  Starting-points  may  bo  made  at 
pleasure,  bj-  touching  the  film  with  a fine  needle,  to  enable  the  moisture  to  get 
under  it;  but  this  treatment  reuders  the  centres  imperfect.  If  allowed  to  go 
on,  the  crystals  would  slowly  cover  the  plate,  or  if  breathed-on  they  form  im- 
mediately ; whereas  if  it  is  desired  to  preserve  the  flower-like  forms  on  a plain 
ground,  as  soon  as  they  are  largo  enough  development  is  suspended  by  again 
applying  gentle  heat-,  the  crystals  are  then  covered  with  pvre  Canada  bals.am 
ajid  thin  glass,  to  be  finished  off  as  usual.  The  balsam  must  cover  the  edges 
of  the  film,  or  moisture  will  probably  get  uuder  it,  and  crystallization  go 
croei)iiig  on.” 


l\adi:itiug  Cjystallizatiou  of  Sul^ihate  of  Copper  ami  Magnesia. 

greater  extent  in  tlie  case  of  Sulphate  of  Copjrer  alone,  by  l\Ir.  lb 
.IhouiaSjf  who  has  succeeded,  by  keeping  the  sUde  at  a temperatrire 
of  from  o0°  to  90°,  in  obtaining  most  singular  aud  beautiful  forni.s 

* See  Davies  on  ‘ Ciy.stallizatiou  and  the  Microscope,’  in  *'  tiuart.  Jonra.  of 
Microsc.  Sci.,”  N.S.,  Vol.  iv.,  p.  251. 

f See  his  paper  ‘On  tlie  Crystallization  at  various  Temperatures  of  the 
Double  Salt,  Sulphate  of  Magnesia  aud  Sulj)hate  of  Zinc,’  in  “ Quart.  Jouni.  of 
Microsc.  Sci.,”  H.S.,  Vol.  vi.,  pp.  137,  177.  See  also  H.  N.  Dniper  on 
‘Crystals  for  the  Micro-Polariscopo,’  in  “ Intellcctu.al  Observer,”  Vol.  vi. 
(1865),  p.  437. 
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any  undulations  ; when  the  heat  is  less  considerable,  the  crystals 
are, smaller,  and  show  concentric  waves  of  very  decided  fonn 
(iig.  495);  but  when  the  slip  of  glass  is  cool,  the  ciystals  are 
exceedingly  minute.  It  would  seem  as  if  these  last  results  were 
Clue  to  interruptions  in  the  formative  process  at  certain  points, 
consequent  upon  the  hardening  influence  of  cold,  and  the  starting 
3;  fresh  formation  at  those  points.*  A curious  example  of  the 
like  kind  in  the  crystallization  of  Sulphate  of  Copper  to  which  a 
sm(UL  quantity  of  Sulphate  of  Magnesia  has  been  added,  is  shown 
111  ing.  497.  The  same  principle  has  been  carried  out  to  a still 


Fio.  497. 
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of  spiral  crystallization,  such  as  that  represented  in  Fig.  498.  Mr. 
black  has  shown  that  a great  variety  of  spiral  and  curved  forms 
can  be  obtained  by  dissolving  metallic  salts,  or  Salicine,  Santonine, 
&c.,  in  water  containing  3 or  4 per  cent,  of  colloid  Silica.  The 


Fig.  498. 


Spiral  Crystallization  of  Sulphate  of  Copper. 


nature  of  the  action  that  takes  place  may  be  understood  by  allow- 
ing a drop  of  the  Silica-solution  to  dry  upon  a slide ; the  result  of 
which  %vill  be  the  production  of  a comjilicated  series  of  cracks, 
many  of  them  curvilmear.  When  a group  of  crystals  in  formation 
tend  to  radiate  from  a centre,  the  contractions  of  the  Silica  will 
often  give  them  a tangential  pull.  Another  action  of  the  Sihca  is 
to  introduce  a very  slight  curling  with  just  enough  elevation  above 
the  slide  to  exliibit  fragments  of  Newton’s  rings,  when  it  is  illu- 
minated with  PoweH  and  Lealand’s  modification  of  Prof.  Smith’s 
dark-ground  illuminator  for  high  powers,  and  viewed  with  a 
l-8th  Objective.  With  crystalHne  bodies,  these  actions  add  to  the 
variety  of  colours  to  be  obtained  with  the  Polariscope,  the  best 
slides  exhibiting  a series  of  tertiary  tints.* — The  following  List 
specifies  the  Salts  and  other  substances  whose  crystalline  forms 
are  most  interesting.  When  these  are  viewed  with  Polarized  light, 
some  of  them  exhibit  a beautiful  variety  of  colours  of  their  own, 
whilst  others  require  the  interposition  of  the  Selenite  plate  for  the 
development  of  colour.  The  substances  marked  d arc  distinguished 

* ‘ On  the  Employment  of  Colloid  Silica  in  the  preparation  of  Crystals  for 
the  I’olariscope,’  in  “ Monthly  Microscopical  Journal,”  Vol.  v.,  p.  50. 
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by  curious  property  termed  cUchroism,  which  was  first  noticed 
Dr.  Wollaston,  but  has  been  specially  investigated  by  Sir  D. 
Brewster  * This  property  consists  in  the  exhibition  of  different 
colours  by  these  crystals,  according  to  the  direction  in  which  the 
light  IS  transmitted  through  them  ; a crystal  of  Chloride  of  Pla- 
tmum,  for  example,  appearing  of  a deep  red  when  the  light  passeu 
along  its  axis,  and  of  a vivid  green  when  the  light  is  transmitted  in 
the  opposite  direction,  with  various  intermediate  shades.  It  is 
only  possessed  by  doubly-refracting  substances  ; and  it  depends  on 
the  absorption  of  some  of  the  coloured  rays  of  the  hght  which  is 
polarized  during  its  jiassage  through  the  crystal,  so  that  the  two 
jiencils  formed  by  double  refraction  become  diff’erently  coloured, — 
the  degree  of  difierence  being  regulated  by  the  inclination  of  the 
incident  ray  to  the  axis  of  double  refraction. 


Acetate  of  Copper,  d 

of  Mangauese 

■ of  Soda 

of  Zinc 

Alum 

Arseuiate  of  Potass 
Asparagine 
Aspartic  Acid 
Bicarbonate  of  Potass 
Bichromate  of  Potass 
Bichloride  of  Mercurj" 

Binoxalate  of  Chromium  and  Potass 
Bitartrate  of  Ammonia 

of  Lime 

of  Potass 

Boracic  Acid 
Borate  of  Ammonia 

of  Soda  (borax) 

Carbonate  of  Lime  (from  urine  of 
horse) 

Carbonate  of  Potass 

of  Soda 

Chlorate  of  Potass 
Chloride  of  Barium 

of  Cobalt 

of  Copper  and  Ammonia 

of  Palladium,  d 

of  Sodium 

Cholesterine 
Chromate  of  Potass 
Cinchonoidine 
Citric  Acid 
Cyanide  of  Mercury 
Ilippuidc  Acid 
1 lypermangauate  of  Potass 
Iodide  of  Potassium 

of  Quinine 

Manuito 


Margai'iue 

Murexide 

Muriate  of  Ammonia 
Nitrate  of  Ammonia 

of  Barytes 

of  Bismuth 

of  Copper 

■ of  Potass 

of  Soda 

of  Strontiau 

• of  Uranium 

Oxalic  Acid 
Oxalate  of  Ammonia 

of  Chromium 

of  Chromium  and  Ammonia, 

of  Chromimn  and  Potass, 

of  Lime 

of  Potass 

of  Soda 

Oxalurate  of  Ammonia 
Phosphate  of  Ammonia 

Ammoniaco-Maguesiau 

(triple  of  urine) 

of  Lead,  d 

of  S(  da 

Platino-chloride  of  Thallium 
Platino-cj'anide  of  Ammonia,  d 
Prussiate  of  Potass  (red) 

Ditto  ditto  (yellow) 
Quinidine 
Saliciue 
Saliginiue 
Santonine 
Stearino 
Sugar 

Sulphate  of  Ammonia 

of  Cadmium 

of  Cojtper 


“ Philosophical  Transactions,”  181D. 
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Sulphate  of  Copper  and  Ammonia 

of  Copper  and  Magnesia 

of  Copper  and  Potass 

of  Iron 

of  Iron  and  Cobalt 

of  Magnesia 

of  Nickel 

of  Potassa 


Sulphate  of  Soda 

of  Zinc 

Tai'taric  Acid 
Tartrate  of  Soda 
TTric  Acid 
Urate  of  Ammonia 
of  Soda 


It  not  unfrequently  happens  that  a remarkably -beautiful  speci- 
tnen  of  Crystallization  developes  itself,  which  the  observer  desires 
to  keep  for  display.  In  order  to  do  this  successfully,  it  is  necessary 
to  exclude  the  air  ; and  Mr.  Warrington  recommends  Castor-oil  as 
the  best  preservative.  A small  quantity  of  this  should  he  poured 
on  the  crystallized  surface,  a gentle  warmth  applied,  and  a thin 
glass  cover  then  laid  upon  the  drop  and  gradually  pressed  down  ; 
and  after  the  superfluous  oil  has  been  removed  from  the  margin,  a 
coat  of  Gold-size  or  other  varnish  is  to  be  applied.— Although  most 
of  the  objects  furnished  by  Vegetable  and  Animal  structures,  which 
are  advantageously  shown  by  Polarized  light,  have  been  already 
noticed  in  their  appropriate  places,  it  will  he  useful  here  to  reca- 
pitulate the  principal,  with  some  additions. 


Vegetable. 

Cuticles,  Hairs,  and  Scales,  from 
Leaves  (§§  377-380) 

Fibres  of  Cotton  and  Flax 
Tlaphides  (§  359)  _ ^ 

Spiral  cells  and  vessels  (§§1357,  oo,;.) 
Starch-grains  (§  358) 

Wood,  longitudinal  sections  of, 
mounted  in  balsam  (§  3G8) 

Animal. 

Fibres  and  Spicules  of  Sponges  (§  510) 
Polypidonis  of  Hydrozoa  (§  521) 
Spicules  of  GorgonisE  (§  529) 


Polyzoaries  (§  248) 

Tongues  (Palates)  of  Gasteropods 
mounted  in  balsam  (§§  576-579) 
Cuttle-fish  bone  (§  575't 
Scales  of  Fishes  (§§  657,  658) 
Sections  of  Egg-shells  (§  712) 

of  Hairs  (§§  661,  662) 

of  Quills  (§  660) 

of  Horns  (§  664) 

of  Shells  (§§  563-574) 

of  Skin  (§  670) 

of  Teeth  (§§  655,  656) 

of  Tendon,  longitudinal 

(§  668) 


712  MolecAdav  GoaZesceitce.-Eemarkahle  modifications  are 
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spheroidal  concretions  of  Carbonate  of  Lime,  which  proaressivelv 
increase  in  diameter  at  the  expense  of  an  amorphous  deposit 
which  at  first  intervenes  between  them ; two  such  spherules  some 
times  coalescing  to  produce  ‘dumb-bells,’  whilst  the  coalescence 
ot  a larger  number  gives  rise  to  the  mulberry-like  body  shown 
in  Fig.  499,  h.  The  particles  of  such  composite  spherules  appear 
subsequently  to  undergo  re-arrangement  according  to  a defimte 
plan,  of  which  the  stages _ are  shown  at  c and  cl;  and  it  is  upon 
tins  plan  that  the  further  increase  takes  place,  by  which  such  lamer 
concretions  as  are  shown  at  a,  a,  are  gradually  produced.  The 
structure  of  these,  especially  when  examined  by  Polarized  light  is 
found  to  correspond  very  closely  with  that  of  the  small  calculous 
concretions  which  are  common  in  the  urine  of  the  Horse,  and  which 
were  at  one  time  supposed  to  have  a matrix  of  cellular  structure. 


Fig.  499. 


Artificial  Concretions  of  Carbonate  of  Lime. 

ihe  small  calcareous  concretions  termed  ‘otoliths,’  or  ear-stones, 
found  in  the  auditory  sacs  of  Fishes,  present  an  arrangement  of 
their  particles  essentially  the  same.  Similar  concretionary  spheroids 
have  already  been  mentioned  (§  613)  as  occurring  in  the  skin  of  the 
Shrimp  and  other  imperfectly-calcified  shells  of  Crustacea ; they 
occur  also  in  certain  imperfect  layers  of  the  shells  of  Mollusca ; and 
we  have  a very  good  example  of  them  in  the  outer  layer  of  the 
envelope  oi  what  is  commonly  known  as  a ‘ soft  6gg,’  or  an  ‘ egg 
without  shell,’  the  calcareous  deposit  in  the  fibrous  matting  already 
described  (§  668)  being_  here  insufiicient  to  solidify  it.  In  the  ex- 
ternal layer  of  an  ordinary  egg-shell,  on  the  other  hand,  the  con- 
cretions have  enlarged  themselves  by  the  progressive  accretion  of 
calcareous  particles,  so  as  to  form  a continuous  layer,  which  con- 
sists of  a series  of  polygonal  plates  resembling  those  of  a tessellated 
pavement.  In  the  solid  ‘ shells’  of  the  eggs  of  the  Ostrich  and 
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Cassowary,  tms  concretionary  layer  is  of  considerable  tbickness; 
and  vertical  as  well  as  horizontal  sections  of  it  are  very  interesting' 
objects,  showing  also  beautiful  effects  of  colour  under  Polarized 
light.  And  froin  the  researches  of  Prof.  W.  C.  Williamson  on  the 
scales  of  lishes  657),  there  can  be  no  doubt  that  much  of  the 
calcareous  deposit  which  they  contain  is  formed  upon  the  same 
plan. 

713.  This  line  of  inquiry  has  been  contemporaneously  jiursued 
by  Pi'of.  Harting,  of  Utrecht,  who,  Avorking  on  a plan  fundamentally 
the  same  as  that  of  Mr.  Painey  (viz.,  the  slow  precipitation  of 
insoluble  salts  of  Lime  in  the  presence  of  an  Organic  ‘ colloid’), 
has  not  only  confirmed  but  greatly  extended  liis  results ; showing 
that  with  animal  colloids  (such  as  egg-albumen,  blood-serum,  or  a 
solution  of  gelatine)  a much  greater  variety  of  forms  may  be  thus 
produced,  many  of  them  having  a strong  resemblance  to  Calcareous 
structures  hitherto  known  only  as  occurring  in  the  bodies  of  Animals 
of  various  classes.  The  mode  of  experimenting  usually  followed  by 
Prof.  Harting,  was  to  cover  the  hollow  of  an  ordinary  porcelain 
plate  with  a layer  of  the  organic  liquid,  to  the  depth  of  from  0*4  to 
0'6  of  an  inch ; and  then  to  iminerse  in  the  border  of  the  liquid, 
but  at  diametincally  opposite  points,  the  solid  salts  intended  to  act 
on  one  another  by  double  decomposition,  such  as  Muriate,  Hitrate, 
or  Acetate  of  Lime,  and  Carbonate  of  Potass  or  Soda;  so  that, 
being  ver}^  gradually  dissolved,  the  two  substances  may  come 
slowly  to  act  upon  each  other,  and  may  throw  down  their  precipitate 
in  the  midst  of  the  ‘ colloid.’  The  whole  is  then  covered  with  a 
plate  of  glass,  and  left  for  some  days  in  a state  of  perfect  tran- 
quillity ; when  there  begin  to  appear  at  various  sj^ots  on  the 
surface,  minute  points  reflecting  light,  which  gradually  increase 
and  coalesce,  so  as  to  form  a crust  that  comes  to  adhere  to  the 
border  of  the  plate ; whilst  another  portion  of  the  precqntate  sub- 
sides, and  covers  the  bottom  of  the  plate.  Round  the  two  spots 
where  the  salts  are  placed  in  the  first  instance,  the  calcareous 
deposits  have  a different  character;  so  that  in  the  same  experi- 
ment several  very  distinct  products  are  generally  obtained,  each  in 
.some  pariicular  spot.  The  length  of  time  requisite  is  found  to  vary 
with  the  temperature,  being  generally^  from  two  to  eight  weeks. 
By  the  introduction  of  such  a colouring  matter  as  madder,  log- 
Avood,  or  carmine,  the  concretions  take  the  hue  of  the  one  employed. 
When  these  concretions  are  treated  with  dilute  acid,  so  that  their 
calcareous  particles  are  wholly  dissolved-out,  there  is  found  to 
remain  a basis-substance  Avhich  preserves  the  form  of  each  ; this. 
Avhich  consists  of  the  ‘ colloid’  somewhat  modified,  is  termed  by 
Harting  calco-glohuline. — Resides  the  globular  concretions  with  the 
peculiar  concentric  and  radiating  arrangement  obtained  by  Mr. 
Rainey  (Fig.  499),  Prof.  Harting  obtained  a great  variety  of  forms 
bearino-  a more  or  less  close  resemblance  to  the  folloAving; — 1.  The 
‘ discoliths’  and  ‘ cyatholiths’  of  Prof.  Huxley  (Fig.^293).  2.  The 
tuberculated  ‘spicules’  of  Alcyonaria  (Figs.  302,  303),  and  the 
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very  similar  spicules  in  the  mantle  of  some  species  of  Doris  (S  573) 
•LamellfB  of  ‘ prismatic  shell-substance’  (§  363),  which  are  very 
closely  imitated  by  crusts  foimed  of  flattened  polyhedra,  found  oii 

he  surface  of  the^  colloid.  4.  The  spheroidal  concretions  which 
form  a sort  of  rudimentary  shell  within  the  body  of  Lima.v  (§  .573). 
o.  Ihe  smiious  lamelltB  which  intervene  between  the  parallel  plates 
of  the  ‘ sepiostaire’  of  the  CiiUlc-fish  (§  576);  the  imitation  of  this 
being  singularly  exact.  6.  The  calcareous  concretions  that  give 
^hdity  to  the  ‘ shell’  of  the  Bird’s  egg ; the  semblance  of  which 
Brot.  Harting  was  able  to  produce  i.n  situ,  by  dissolving  away  the 
calcareous  component  of  the  egg-shell  by  dilute  acid,  then  im- 
mersing the  entire  egg  in_  a concentrated  solution  of  chloride  of 
calcium,  and  transferring  it  thence  to  a concentrated  solution  of 
carbonate  of  potass,  -with  wliich,  in  some  cases,  a little  phosphate 
of  soda  was  mixed.*  Other  forms  of  remarkable  regularity  and 
definiteness,  differing  entirely  from  anything  that  ordinary  crj^s- 
tallization  would  produce,  hut  not  known  to  have  their  jiarallels 
in  living  bodies,  have  been  obtained  by  Prof.  Harting.  Looking 
to^  the  relations  between  the  calcareous  deposits  in  the  scales  of 
Pishes  (§§  657-6.59)  and  those  by  winch  Bones  and  Teeth  are 
solidified,  it  can  scarcely  he  doubted  that  the  principle  of  ‘ molecular 
coalescence’  is  applicable  to  the  latter,  as  well  as  to  the  former ; 
and  that  an  extension  and  variation  of  this  method  of  expeiament- 
ing  would  throw  much  light  on  the  process  of  ossification  iin6 
tooth-formation. — The  inquiiy  has  been  further  prosecuted  by  L)r. 
W.  M.  Ord,  with  express  reference  to  the  formation  of  Urinary  and 
other  Calculi.f 

714.  Micro- Ghemistry  of  Poisons. — By  a judicious  combination 
of  Microscopical  with  Chemical  research,  the  ap2ilication  of  re-agents 
may  be  made  effectual  for  the  detection  of  Poisonous  or  other  sub- 
stances, ill  quantities  far  more  minute  than  have  been  previously 
supposed  to  be  recognizable.  Thus  it  is  stated  by  Dr.  Wornileyi|; 
that  Micro-Chemical  analysis  enables  us  by  a very  few  minutes’ 
labour  to  recognize  with  unerring  certainty  the  reaction  of  the 
100,000th  part  of  a grain  of  either  Hydrocyanic  Acid,  Mercury,  or 
Arsenic;  and  that  in  many  other  instances  we  can  easily  detect  by 
its  means  the  jiresence  of  very  minute  quantities  of  substances,  the 
true  nature  of  whicn  could  only  be  otherwise  determined  in  com- 
paratively large  quantity,  and  by  considerable  labour.  This 
inquiry  may  be  prosecuted,  however,  not  only  by  the  application  of 
ordinary  Chemical  Tests  under  the  Microscope,  but  also  by  the  use 
of  other  means  of  recognition  which  the  use  of  the  Microscojic 

* See  Prof.  ITartiug’s  “ Roclierclies  de  Morpliologie  Syntlidtique  siir  la  )iro- 
dnction  artificiello  do  quelquos  Formations  Calcaires  luorgauiques.  publi(;os 
]>ar  I’Acaddmio  Eoyale  Nodorla.ndaise  des  Sciences,’’  Amsterdam,  1872;  .and 
“Quart.  Joiirn.  of  Microsc.  Sci.,”  Vol.  xii.,  p.  118. 

t See  his  Treatise  “On  the  Inflmmco  of  Colloids  upon  Crystalline  Form  and 
Cohesion,”  London,  1879. 

J “Micro-Chemistry  of  Poisons,”  Now  York,  18G7. 
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affords.  Tims  it  was  originally  shown  by  Dr.  Guy*  that  by  the 
careful  sublimation  of  Arsenic  and  Arsenious  Acid, — the  sublimates 
being  deposited  upon  small  disks  of  thin-glass, — these  are  dis- 
tinctly recognizable  by  the  forms  they  present  under  the  Microscope 
(especially  the  Binocular)  in  extremely  minute  quantities ; and  that 
the  same  method  of  procedure  may  be  applied  to  the  volatile  metals. 
Mercury,  Cadmium,  Selenium,  Tellurium,  and  some  of  their  Salts, 
and  to  some  other  volatile  bodies,  as  Sal-Ammoniac,  Camphor,  and 
Sulphur.  The  method  of  sublimation  was  afterwards  extended  by 
Dr.  Helwigt  to  the  Vegetable  Alkaloids,  such  as  Morphine,  Strych- 
nine, Veratrine,  &c.  And  subsequently  Dr.  Guy,  repeating  and 
confirming  Dr.  Helwig’s  observations,  has  shown  that  the  same 
method  may  be  further  extended  to  such  Animal  products  as  the 
constituents  of  the  Blood  and  of  Urine,  and  to  volatile  and  decom- 
posable Organic  substances  generally .J  By  the  careful  prosecu- 
tion of  Micro-Chemical  inquiry,  especially  with  the  aid  of  the 
Spectroscope  (where  admissible),  the  detection  of  Poisons  and  other 
substances  in  very  minute  quantity  can  be  accomplished  with 
such  facility  and  certainty  as  were  formerly  scarcely  conceivable. 

* ‘On  the  Microscopic  Characters  of  the  Ci'ystals  of  Arsenious  Acid,*  in 

Trans,  of  Microsc.  Society,”  Vol.  ix.  (1861),  p.  50. 

f “Das  Mikroskop  in  der  Toxikologie,”  1865. 

i ‘ On  Microscopic  Sublimates : and  especially  on  the  Sublimates  of  the 
Alkaloids,’  in  “Trans,  of  Roj'al  Microsc.  Soc.,”  Vol.  xvi.  (1868),  p.  1;  also 
“Pharmaceutical  Joiumal,”  June  to  September,  1867. 
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‘numerical  aperture’  and  ‘angular  aperture.’ 

The  introduction  of  the  ‘ immersion  system’  has  rendered  necessary 
a considerable  modification  in  the  mode  of  determining  the  real 
‘Apertures’  of  Achromatic  Objectives;  which  were  formerly  esti- 
mated entirely  by  their  respective  ‘ angles  of  apei-tnre,’ — such  angles 
being  (as  formerly  explained,  § 10),  those  contained,  in  each  case,  be- 
tween the  most  diverging  of  the  rays  issuing  from  the  axial  point  of 
an  object,  that  can  enter  the  lens  and  take  part  in  the  formation 
of  an  image.  A careful  investigation  of  the  whole  subject  of 
‘Aperture,’  both  theoretically  and  practically,  has  of  late  been 
carried^  out  with  the  greatest  ability  by  Prof.  Abbe  of  Jena ; of 
whose  im]3ortant  discovery  of  the  dependence  of  ‘resolving  power’ 
upon  cZi/fraction — not  9’efraction — an  account  has  been  already 
given_(§  157).  This  investigation  has  enabled  him  to  place  the 
question  on  an  exact  basis  ; and  not  only  to  clear  up  a great  deal 
that  was  formerly  obscure,  but  to  formulate  a definite  principle  for 
the  comparison  of  ‘ immersion’  with  ‘ dry’  or  ‘ air’  objectives,  which 
shows  that  the  advantages  obtainable  from  the  use  of  the  former 
are  much  greater  than  had  been  previously  conceived. 

Prof.  Abbe  has  also  made  an  important  contribution  to  the 
j)ractical  part  of  this  inquiry,  by  the  invention  of  an  ‘ Ajjertometer’ 
for  the  precise  measurement  of  angular  apertures,*  by  which  more 
exact  and  definite  results  can  be  obtained  than  by  any  of  the  methods 
previously  in  use : and  he  has  further  shown  that  a comparison  of  ‘dry’ 
and  of  ‘ immersion’  lenses  by  their  respective  ‘angles’  alone  is  so  com- 
pletely fallacious,  as  to  necessitate  the  introduction  of  a new  scale 
of  ‘ numerical  apertures,’  to  which,  as  to  a common  standard,  both 
could  be  referred. — It  is  the  object  of  this  Addendum,  in  the  first 
place,  to  explain  to  the  readers  of  tliis  treatise  the  precise  mean- 
ing of  Prof.  Abbe’s  term ; and  then  to  put  before  them  the  new  views 
in  regard  to  the  cajjacities  of  ‘immei'sion’  Objectives,  to  which  his 

* “Journ.  of  Eoy.  Microsc.  Soc.,”Vol.  i.  (1878),  p.  10.  Another  method 
devised  by  Prof.  Hamilton  Smith  (Op.  cit.,  Vol.  ii.,  1870,  p.  775),  gives  nearly 
the  same  results  as  that  of  Prof.  Abbe.  And  yet  another  has  been  proposed 
by  Mr.  Tolies  (Op.  cit.,  Vol.  iii.,  1880,  p.  887),  who  does  not,  however,  give  any 
reason  to  question  the  accuracy  of  Prof.  Abbe’s  instrument. 


NUMEEICAL  APERTUEE  AND  ANGULAE  APEETUEE.  851 

investigations  have  led  him.  As  (for  obvious  reasons)  conclusions 
only  can  be  liere  stated,  those  who  desire  to  master  the  train  of 
reasoning  by  which  those  conclusions  have  been  worked-ont,  are 
recommended  to  study  the  two  most  recent  expositions  of  the 
doctrine ; one  given  by  Prof.  Abbe  himself  in  his  Paper  ‘ On  the 
Estimation  of  Aperture,’  and  the  other  by  his  disciple,  Mr.  Prank 
Crisp  (one  of  the  Secretaries  of  the  Eoyal  Microscopical  Society), 
in  his  ‘ Motes  on  Apeidure,  Alicroscopical  Vision,  and  the  Value  of 
Wide-angled  Immersion  Objectives  contained  in  the  “ Journal  of 
the  Eoyal  Microscopical  Society”  for  April  and  .Tune,  1881. 

It  can  be  easily  demonstrated  mathematically,  that  the  ‘ aperture’ 
of  a single  lens  used  as  a magnifying  glass— that  is,  its  capacity 
for  receiving,  and  bringing  to  a remote  conjugate  focus,  the  rays 
emanating  from  the  axial  point  of  an  object  brought  very  near 
to  it — is  determined  by  the  ratio  between  its  absolute  diameter  (or 
clear  ‘ opening’)  and  its  focal  length ; while  that  of  an  ordinary 
Achromatic  Objective,  composed  of  several  lenses,  is  determined 
by  the  ratio  of  the  diameter  of  its  hach  lens  (so  far  as  this  is  really 
utilized)  to  its  focallength.  This  ratio  is  most  simply  expressed,  when 
the  medium  is  the  same,  by  the  sine  of  its  semi-angle  of  aperture 
(sinw);  and  we  hence  see  how  different  are  the  proportionate  ‘ aper- 
tures’ of  different  lenses  from  their  proportionate  ‘ angles  of  aper- 
ture.’ Eor  as  the  sine  of  half  180°, — the  largest  possible  theoretical 
angle,  whose  two  boundaries  lie  in  the  same  straight  line, — is  equal 
to  radius,  and  as  the  sine  of  half  60°  is  equal  to  ^ radius,  it  follows 
that  a lens  having  an  angle  of  60°  has  an  aperture  equal  to  half  (in- 
stead of  being  only  one-third)  of  the  theoretical  maximum.  And  as 
the  sines  of  anglesbeyond  60°increase  very  slowly,  an  objective  whose 
angle  is  120°  -^1  have  (instead  of  only  two-thirds)  as  much  as 
about  87-lOOths  of  the  aperture  given  by  the  theoretical  maximum. 

When,  however,  the  medium  in  which  the  Objective  works  is 
not  air,  but  a Hquid  of  higher  refractive  index — such  as  water  or 
oil — an  additional  circumstance  has  to  be  taken  into  consideration ; 
for  we  may  now  have  three  angles  of  aperture  expressed  by  the  same 
number  of  degrees,  which  yet  denote  quite  different  ‘ apertures.’ 
Eor  instance,  an  ‘ angle’  of  90°  in  oil  will  give  a gi’eater  ‘ aperture’ 
than  one  of  90°  in  water ; and  the  latter  a greater  aperture  than 
90°  in  air.  Eor  since,  when  light  is  transmitted  from  any 
medium  into  another  of  greater  refractive  index  (§  1),  its  rays 
are  bent  towards  the  perpendicular,  the  rays  forming  a pencil 
of  given  angular  extension  in  air,  will,  when  they  pass  into  water 
or  oil,  be  closed-together  or  cominessed ; so  that  in  comparing 
(for  instance)  an  object  mounted  in  balsam  with  one  mounted 
dry,  the  balsam  angle,  though  much  reduced,  may  neverthe- 
less contain  aU  the  rays  that  were  spread-out  over  the  whole 
hemisphere  when  the  object  was  in  the  less  dense  medium.  It 
follows,  therefore,  that  a given  ‘angle’  in  oil  or  water  represents  an 
increase  in  ‘ aperture’  over  the  same  angle  in  air.  The  amount  of 
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tlus  mcrease  having  been  cletennined  by  Prof.  Abbe  to  be  propor- 
tional, in  each  case,  to  the  index  of  refraction  of  the  interposed 
medium,  the  comiDarative  ‘ apertures’  of  lenses  working  in^ffe- 
rpt  media  are  in  _ the  compound  ratio  of  two  factors,— the 
sines  ot  their  respective  semi-angles  of  aperture,  and  the  refractive 
indices  ot  the  interposed  fluids. 

It  is  the  product  of  these  {n  sin  that  gives  what  is  termed 
I’  Numerical  Aperture;  which  serves,  therefore 

as  the  standard  of  comparison  not  only  between  ‘ immersion’  and 
c^y  objectives,  but  also  between  objectives  of  hke  kind.  For 
medium  is  the  same,  the  factor  {n)  which  represents  the 
1 eh  active  index  may,  of  course,  be  neglected ; the  ‘ numerical  aper- 
tures of  such  objectives  then  being  simply  the  sines  of  their 
respective  semi-angies. 

Thus,  taking  as  a standard  of  comparison  a ‘ dry’  objective  of  the 
maximum  theoretical  angle  of  180°,  whose  ‘ numericai  aperture’  is 
the  sine  of  90  ,=radius  or  I’OO,  _we  find  this  standard  to  be  equalled 
by  a ‘ water’  immersion  objective  of  only  96°,  and  by  an  ‘ oil’  or 
hoinog'GiiGous  imniGrsioii  Igus  of  only  82° ; th.0  ‘ nxmiGrical  apcr- 
tui  es  of  these,  obtained  by  multiplying  the  sines  of  their  respective 
semi-angles  by  the  refractive  index  of  water  in  one  case  and  of  oil 
in  the  other,  being  I'OO  in  both.  Each,  therefore,  will  have  as 
great  a power  of  receiving  and  utilizing  divergent  rays,  as  any  ‘ diy’ 
lens  _ can  even  theoretically  possess,— an  angle  of  nearly  70°  being 
the  limit  of  what  is  jiractically  attainable.  But  as  the  actual  angle 
inno-GrsiorL  ObjGctivG  can  bo  op6HGd-out  to  th.G  samG  GxtGnt  as 
that  of  an  ‘ air  objGctivG,  it  follows  that  the  ^aperturG’  of  the 
former  can  be  augmented  far  heyond  even  the  theoretical 
maximum  of  the  latter ; the  maxima  of  numerical  aperture  being 
1'62  for  Oil-immersion,  and  1‘33  for  Water-immersion  objectives, 
as  against  I'OO  for  ‘ dry ;’  and  these  being  nearly  attainable  in 
practice.* 


So,  if  we  have  four  Objectives,  two  of  which  are  ‘ dry,’  the  third 
a water-immepion,  and  the  fourth  an  oil-immersion,  their  aper- 
tures ^ have  hitherto  been  designated,  on  the  angular  aperture 
notation,  by  (for  instance)  47°  and  74°  air-angle ; 85°  water-angle ; 
and  118°  oil-angle ; so  that  it  is  difficult  without  calculation  to 
judge  of  their  relative  apertures.  By  the  numerical  notation,  how- 
ever, the  apertures  of  the  four  are  seen  to  be  as  '40,  '60,  '90  and 
1'30 ; so  that  a comparison  is  readily  made,  and  it  is  seen  whether 
the  two  latter  have  larger  or  smaller  apertures  than  the  maximum 
of  a dry  objective. 

This  important  doctrine  may  be  best  made  practically  intelligible 
by  a comparison  (Fig.  500)  of  the  relative  diameters  of  the  hack  lenses 


* Atp.  325  of  Vol.i.,  Ser.  2 (1881)  of  tlie  “Joiirn.  of  (lio  I\oj'.  Microsc.  Soc.,” 
will  be  found  a Table  calculated  by  Mr.  Stephenson  of  the  Equivalent  Angles  of 
Aperture  of  Dry,  Water-immersion,  and  Oil  (or  homogeneous)  immersion  Objec- 
tives, with  their  respective  Illuminating  powers,  and  Theoretical  Hesolving 
l)owers,  for  every  0-02  of  Numerical  Aperture,  from  0‘40  to  1'52. 
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those  of  ‘ water’  and  ‘oil’  immersion  Obiectives  of 
‘aii-ang)e’  _of  60°  to  an  ‘ Sl-angle’ of 
bX^en  tbp  Pvt  ■"  each  case,  tbe  opening 

foi*  £ ^ tbe  combination  to  meet  in  its  conjngate  focus 

relation  to  fn  extent  of  which  opening  in 

tivP^  n ^ entering  tbe  Obiec- 

dotted  c,V^tr“\r"“^I"*^  ff  ^perizirc  of  the  comhifiation.  Tbe 
and^Wfn  m tbe  interior  of  1 and  2 are  of  tbe  same  dis^meter  as  3 ; 

tlm  ^ ^ diameters  of  tbe  back  lenses  of 

immersion-objectives,  over  that  of  tbe  ‘ dry’ 
at  tbeir  respective  theoretical  limits.  ^ 


Fig.  500. 


180°  Oil-angle. 
(1’52  Num.  Ap.) 


Now  this  difference  is  capa- 
ble of  being  practically  tested 
by  a simple  experiment  origin- 
; ally  suggestedby  jVIi*.  Stephen- 
son, and  thus  described  by 
ProL  Abbe  : — “ Take  any  im- 
;mersion-objective  of  balsam 
angle  exceeding  tbe  critical 
angle,  and  focus  it  on  a 
balsam-mounted  ob  j ect,  which 
iis  illuminated  by  any  kind  of 
i immersion-condenser,  in  such 
aa  way  that  tbe  whole  range  of 
ttbe  aperture-angle  is  filled  by 
tthe  incident  rays.  Eemove  the 
Boye-piece,  and  place  the  pupil 
oof  the  eye  at  the  place  where 
tihe  air-image  is  projected  by 
tthe  objective,  and  look  down 
Don  the  lens.  You  see  a uni- 
'ormly  bright  circle  of  well- 
1 lefined  diameter,  which  is  the 
r.rue  cross  section  of  the  image- 
orming  pencil  emerging  from 
!he  Microscope  (for  the  eye 
eeceives  now  aU  rays  which 
nave  been  transmitted 
through  a small  central  por- 
iaon  of  the  object — that  por- 
' ion  which  is  conjugate  to  the 
:upil — and  receives  no  other 
uys).  After  this,  focus  the 
lime  objective  on  an  ordinary 
rry-mounted  preparation  (orononewhich  is  connected  with  the  slide, 
lie  cover-glass  being  put  on  dry),  and  repeat  the  observation;  you 
ill  now  see  a well-defined  circle,  a cross  section  of  the  emergent 
'3ncil,  but  of  loss  diameter  than  in  the  former  case,  surrounded  by 


180°  Water-angle. 
(1-33  Num.  Ap.) 


180°  Air-angle. 
90°  Water-angle. 
82°  Oil-angle. 
(1-00  Num.  Ap.) 


97°  Air-angle. 
(0-75  Num-Ap.) 


60°  Air-angle. 
(0-50  Num.  Ap.) 
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a dark  animUis.  visible  by  faint  ditlusovl  Hubt  onlv.’**  The  oxpluiH- 
uou  of  this  oxiwiiuout  is.  that  in  tWnssirn;  ,m  immersion, 
objei'tive  on  an  objtvt  xvith  aiv  alnive  it  between  itself  and  the 
w\-er-srlassh  the  nnder-snrfaoe  of  the  oover.jrhiss  aels  as  the  nhuie 
f 1 system,  eonvertinjf  it  into  a true ‘dry  lens 

M lb\^  angular  apertniv.  which  gjithei-s-in  almost  W\o  tohoh 
hamfphe^  of  h^dit  fivin  the  radiant  in  air  ; ami  yet  the  emorgi>nt 
penoal  of  rays  is  much  nan\m'cr  than  when  the  same  objeotivo 
IS  iistxl  as  an^  iniinersion.  and  focnsscil  on  an  object  in  Inilsam, 
the  oxtrenie  divergonoe  of  whose  rays  is  not  more  t^mu 

A n ide-angU\l  ‘ iniineraion  Objective  can  theivfore  utilize  rays 
from  ail  oojoct  luouutodiu  a doiiso  Juodixnu,  such  as  balsam,  which 
ara  entirely  h)sf  for  the  ima^o  (since  they  do  not  exist,  ]>hysically) 
when  rae  same  object  is  in  air.  or  is  observed  through  a tilm  of  tur. 
And  this  loss  cannot  be  componsattHl-for  by  an  increase  of  illum- 
ination; because  the  rays  ivhich  are  lost  are  dl^crcnt  rays, 
physically,  from  those  obtaineil  by  any  illnmination,  however 
intense,  in  a niedinm  like  air. 

It  is  by  increa.sing  the  number  of  * dillVaction-spectra,’  that  the 
rays  admitteil  from  the  object  contrilnito  to  the  ‘resolving  jiowcr’ 
of  tlie  Objective  for  lined  and  dotted  objects ; the  truth  of  the 
^age  formed  by^  the  rocoinbination  of  tlieso  spectra,  being,  ns 
formerly  shown  (§  lo7),  essentially  dependent  upon  the  angmenta- 
tionof  the  number  which  the  objective  can  be  made  to  receive. 

Upon  the  ‘aperture’  of  an  objective  are  dependent  (1)  its  illnnii- 
nating  power,  (2)  its  resolving  poiver,  and  (3)  its  peuetnatiug 
I^wer ; tlie  first  varying  as  the  square  of  the  numerical  aperture, 
the  second  being  in  direct,  and  the  tliird  in  inverse  proportion  to 
the  numerical  aperture. 

^ Whilst  ^ Prof.  Abbe’s  investigation  has  made  it  clear  that  the 
aperture  of  an  immersion  objective  may  exceed  the  maximum  of 
that  of  a dry  objective,  it  is  hardly  necessary  to  point  out  that  tlio 
act  of  the  excess  is  a distinct  question  from  tliat  of  the  value  of  the 
excess  for  particular  cases.  As  the  penetrating  power  of  the  ob- 
jective IS  diminished  in  proportion  as  the  aperture  is  increased,  it 
IS  seen  that  large  apertures  can  only  be  obtained  at  the  expense  of 
a great  reduction  of  penetration  or  focal  depth,  and  consequently 
^so  of  working  distance, — qualities  which  are  essential  in  some  of 
the  most  important  ^ kinds  of  Biological  investigation ; and  the 
Author,  therefore,  still  holds  to  the  opinion,  that  for  objectives 
intended  to  be  used  for  such  purposes,  ‘ moderate  angles’  are 
preferable;  objectives  of  wide  angle  being  kept  for  ‘critical’ 
investigations  upon  objects  specially  demanding  their  use.  In  this 
view  he  is  entirely  supported  by  Mr.  Dallingcr,  whose  unrivalled 
experience  in  Biological  work  of  the  highest  kind,  entitles  his 
opimon  on  such  a point  to  the  highest  respect.  See  Preface,  pp.  vi,  vii. 

* The  diameter  of  the  emergent  jicncil  may  he  accurately  measured  bj'  the  use 
of  an  eye-piece  Micrometer  vith  the  “ auxiliary  Microscope"  of  Prof.  Abbe’s 
Apertometric  apparatus,  already  referred  to. 
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APPENDIX. 


Microscopes,  &c. 

Messrs.  Watson's  Neio  Models.— K new  form  of  Large  Compound 
Microscope  601)  lias  lately_  been  brought  out  by  Messrs. 

Watson  (of  Holborn),  the  peculiarity  of  which  essentially  consists 
in  this,— that  the  horizontal  axis  on  which  it  is  suspended  passes 
through  the  axial  point  of  the  plane  in  which  the  object  hes ; so 
that  by  inchnation  of  the  _ body  and  stage— the  source  of  light 
remainmg  fixed, — illumina,ting  rays  may  be  made  to  fall  on  the 
object  at  any  degree  of  obliquity.  The  mechanical  stage  is  so  con- 
structed (by  placing  the  entire  movement  above  the  object  plat- 
form) as  to  give  it  a thinness  not  otherwise  attainable  with  the 
power  of  making  a complete  revolution.  The  mirror  with  its 
frame  may  be  slipped  off  the  swinging  arm  that  ordinarily 
carries  it,  and  sHd  into  a fitting  on  the  foot,  on  which  it  can 
be  readily  centred  so  as  to  reflect  light  upon  the  centre  of  the 
stage,  whatever  may  be  the  inclination  of  the  latter.  And  a 
further  variety  of  illumination  may  be  obtained  by  rotating  the 
whole  instrument  on  its  foot,  the  mirror  retaining  its  fixed  position 
in  the  centre.— The  principle  of  these  ingenious  arrangements  is  to 
give  to  the  stage,  and  all  that  is  above  it,  every  variety  of  position  in 
relation  to  a fixed  source  of  light,  instead  of  varying  the  position  of 
the  light  in  relation  to  the  object. — Experience  alone  can  test  its 
advantages  over  the  old  models. 

The  above-named  Makers  have  also  adajited  a ‘ swinging  sub- 
stage,’ not  merely  to  this  large  instrument,  but  to  a smaller  one 
on  the  scale  of  the  ‘ Student’s  Microscope  ’ of  Messrs.  Boss  (Fig.  43) ; 
which  is  furnished,  in  addition,  with  a graduated  disk  for 
the  precise  measurement  of  the  obliquity  given  to  the  illuminating 
apparatus.^  Having _ carefully  examined  this  instrument,  with 
the  Objectives  sujijiHed  by  the  makers,  the  Author  is  able  to  speak 
favourably  of  its  workmanship  ; and  would  desire  to  add  the  name 
of  Messrs.  'W atson  to  those  of  whose  Students’  microscopes  he  has 
spoken  with  approval  at  p.  80. 

Messrs.  Swift's  New  Students'  Microscope. — These  excellent 
Makers,  having^  adopted  the  general  plan  of  the  ‘ Wale’  model 
(Fig.  44),  of  which  the  Author  has  spoken  in  terms  of  liigh  com- 
mendation, have  applied  to  it  a new  fine  adjustment  of  their  own, 
which  gives  to  the  ring  that  carries  the  objective  a very  delicate 
and  steady  movement  replacing  the  iris-diaphragm  of  the  Wale 
model  with  their  own  ‘ calotte  ’ diaphragm. 

M.  Nachet's  Objective-carrier. — Every  working  Microscopist  has 
desired  a ready  means  of  varying  his  ‘ powers,’  without  the  trouble 
of  unscrewing  one  Objective  and  screwing  on  another.  This  difiiculty 
has  been  partly  met  by  the  use  of  the  ‘ nose-piece’ ; but  this  cannot 
be  conveniently  made  (at  least,  in  the  case  of  the  heavily-mounted 
English  objectives)  to  cany  more  than  two  powers.  By  Messr-s. 
Parkes,  of  Birmingham,  as  already  mentioned  § 53,  sliding  tubes 

* Sec  '‘Joum.  of  Roy.  Microsc.  Soc. Vol.  i.,K.S.  (1881),  p.  297. 
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are  substituted  for  screws ; but  the  use  of  them  requires  the  with- 
drawal of  the  nose  of  the  microscoj>e  to  a considerable  distance 
above  the  stage. — The  attention  of  M.  bTachet  having  been  long 
directed  to  tms  point,  he  has  recently  brought  out  a form  of 
‘ porte-objectif!  (an  improvement  on  a suggestion  originally  made  by 
Prof.  Thury)  which  allows  the  change  of  objectives  to  be  readily 
made  without  as  much  raising  of  the  body  from  the  stage  as  is 
required  in  screwing  and  unscrewing.  It  consists  (Fig.  502)  of  a 
fixed  inner  cylinder,  whose  top  screws  into  the  bottom  of  the  body ; 
this  being  embraced  by  a movable  outer  cylinder  (a),  that  is  kept 
closely  pressed  up  to  its  lower  end  by  a strong  spiral  spring  between 
the  two.  The  bottom  of  this  outer  cyhnder  is  formed  by  a shoulder 
that  is  cut  away  for  about  one-fourth  of  its  circumference,  so  as  to 
allow  a collar  (b)  at  the  toj)  of  the  objective  to  be  slipped  into  the 
opening  as  shown  at  c.  When  this  is  done,  the  objective  is  held 
firmly  in  place  by  the  pressure  of  the  spring ; and  all  that  is  needed 
to  remove  it  is  a slight  pulling  down  of  the  outer  cylinder,  which 
enables  the  collar  of  the  objective  to  be  slipped  out  again.  The 
inner  cylinder  is  supplied  by  M.  Hachet  (when  desired)  with  the 
Society’s  screw;  and  the  ‘collar’  can  be  adapted  to  receive  either 
M.  Nachet’s  or  any  other  Objectives. — Having  been  enabled,  by  the 
kindness  of  M.  Nachet,  to  make  a trial  of  this  little  apparatus,  the 
Author  is  glad  to  be  able  to  speak  most  favourably  both  of  its 
simplicity  and  its  effectiveness. 

Fig.  502. 


Nacliet’s  Objective-carrier. 
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Abbe,  Prof.,  on  Homogeneous  immer- 
sion, 19  ; on  Diffraction-spectra,  186 
— 191  ; on  Penetration  of  objectives, 
195  note  ; on  Numerical  aperture  of 
objectives,  850;  on  Apertometer,  850. 

Aberration,  Chromatic,  11,  12. 

Spberical,  9,  10. 

means  of  reducing  and  cor- 
recting, 10 — 15. 

Absorption  bands,  104 — 108. 

Acaleplis,  see  Medusce. 

AcanthometHna,  600. 

Acarida,  759,  760. 

Achlya prolifera,  300,  301. 

Achnanthes,  354,  355. 

Achromatic  Condenser,  120,  121 ; use 
of,  171,  172. 

Achromatic  Correction,  13,  15. 

Achromatic  Objectives,  see  Objectives. 


Acinetina,  513 — 515. 

Acrocladia,  spines  of,  633. 

Actinia,  624  ; thread-cells  of,  624,  625. 
Actinocyclus,  349. 

Actinomma,  599. 

Actinophrys,  480 — 482. 
Actinoptychus,  350. 

Actinosphcerium,  483. 

Actinotrocha,  700. 

Actinozoa,  623 — 627- 
Adjustment  of  Focus,  95,  162 
Adjustment  of  Object-glass,  15  1/, 


165—168. 

jEcidium  tussilaginis,  387. 

Agamic  eggs,  of  Rotifera,  535 — 537  ; 
of  Entomostraca,  713 — 715  ; of 
Insects,  757,  758. 

Agrion,  circulation  in  larva  of,  745. 
Air-bubbles,  microscopic  appearances 
of  181  ; in  microscopic  preparations, 

237,  259—261. 


Albuminous  substances,  tests  for,  249 
—250. 

Alburnum,  437,  445. 

Alcohol,  as  hardening  agent,  242  ; as 
test,  250. 

Alcyonian Zoophytes,  625 — 627. 

Alcyonidmm,  651. 

ALGiE,  higher,  microscopic  structure  of, 
395 — 401  ; (see  Protophyta). 

Allman,  Prof.,  on  Sarcode  organisms, 
495  note;  on  Noctiluca,  507 ; on 
Peridinium,  511  ; on  Myriothela, 
610 ; on  Tubularida,  617  note ; on 
fresh-water  Polyzoa,  655  note;  on 
Appendicularia,  664,  665. 

Alternating  Circulation  of  Ascidians, 
660,  663. 

Alternation  of  Generations,  623. 

Alveolina,  552,  553. 

Amaranthus,  seeds  of,  465. 

Ambulacral  disks  of  Echinida,  631. 

Amici,  Prof.,  his  early  construction  of 
Achromatic  lenses,  15,  17  ; his  in- 
vention of  the  immersion  sy stein, 
18 ; his  drawing  Camera,  114  ; his 
Prism  for  oblique  illumination,  124. 

Amoeba,  486 — 488. 

Amoeboids.  of  Volvox,  290,  291,  ; of 
protoplasm  of  Chara,  Z\2\note;  of 
protoplasm  of  roots  of  Mosses,  406  ; 
of  Myxomycetes,  389;  of  Sponges, 
603 — 605;  of  Polypes,  &c.,  609, 
610;  of  colourless  Blood-corpuscles, 
786. 

Amoroudum,  659,  660. 

Amphipleura  pellucida,  resolution  of, 
203,  204. 

Amphistegina,  576. 

Amphitetras,  353. 

Amplifiers,  100. 
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Anacharis  alsinastrim,  formation  of 
cells  in,  427  ; cjclosis  in,  428,  429, 
Anagallis,  petal  of,  461. 

Androspores  of  (Edogonium,  306. 

Angle  of  Aperture,  10;  limitation  of, 
for  Binocular,  42—45  ; its  relation 
to  Angular  Aperture,  191  note;  to 
Numerical  Aperture,  850, 
AnguilMce,  695. 

Angular  Aperture  of  Object-glasses, 
191  note  ; its  relation  to  resolving 
power,  188,  195  ; its  real  meaning, 
850  ; limits  to  its  value.  Preface,  vi. 
Anguliferece,  352,  353. 

Aniline  dyes,  as  staining  agents,  247. 
Animal  Tissues,  formation  of.  763— 
767. 

Animalcule-cage,  146. 

Infusoria, 

Monerozoa,  Ehizopoda,  and  Botifera). 
Animals,  distinction  of,  from  Plants, 
267,  268 ; links  connecting  with 
Plants,  387 — 392. 

Annelida,  693 — 706  ; marine,  circu- 
lation in,  698,  699  ; metamorphoses 
of,  700,  /Ol;  remarkable  forms  of, 
702 — 704;  luminosity  of,  705- 
fresh-water,  705,  706. 

Annual  layers  of  Wood,  443—445. 
Annular  Ducts,  438,  439. 

Annulosa,  693  ; — see  Entozoa,  Turbel- 
laria,  and  Annelida. 

Anodon,  shell  of,  671;  parasitic  em- 
bryo of,  682  ; ciliary  action  on  gills 
of,  689. 

Anomia,  fungi  in  shell  of,  382. 

Ant,  red,  integument  of,  724. 

Antedon,  development  of,  646 — 649. 
Antennae  of  Insects,  738—740. 
Autheridia,  of  Chara,  311;  of  Mar- 
chantia,  404;  of  Mosses,  408;  of 
Fern.s,  416  ; — see  Antherozoids. 
Antherozoids,  275;  ofVolvox,  288;  of 
Vaucheria,  299  ; of  Sphseroplea, 
304,  305 ; of  ffidogonium,  306 ; of 
Characeae,  311,  312;  of  Fuel,  398; 
ofMarchantia,  404;  of  Mosses,  408; 
of  Ferns,  417. 

Anthers,  structure  of,  461,  462. 

Anthony,  Dr.,  on  scale  of  Gnat,  185; 
on  battledoor  scales,  728;  on  tongue 
of  Fly,  742  note. 

Antin’ldnum,  seeds  of,  465. 


Apertometers,  850. 

Aperture,  Angular,  see  Angular 
Aperture ; Numerical,  850. 

Aphides,  agamic  reproduction  of,  757. 
Aphthae,  fungus  of,  382. 

Aplanatic  Searcher,  11  note. 

Apothecia  of  Lichens,  393. 
Appendiculana,  664,  665. 

Apple,  cuticle  of,  454. 

A 2ms,  712. 

Aquatic  Box,  146. 

Aeachnida,  microscopic  forms  of,  759, 
760;  eyes  of,  761;  respiratory 
organs  of,  761  ; feet  of,  761 ; spin- 
ning apparatus  of,  761,  762. 
Arachnoidiscus,  351. 

Arachnosphora,  600. 

Aralia,  cellular  parenchyma  of,  425. 
Arcella,  489,  490. 

Arcbegouia,  of  Marchantia,  402;  of 
Mosses,  408  ; of  Ferns,  416,  417. 
Archer,  Mr.,  on  zoospores  of  Desmi- 
diaceae,  318  note  ; on  Chlamidomyxis, 
— 392 ; on.Clathrulina,  484. 
Arenaceous  Foraniinifera,  558—568. 
Arenicola,  698. 

Areolar  tissue,  789. 

Argulus,  716. 

Aristolochia,  stem  of,  450. 

Artemia,  710,  713. 

Ascaris,  694 ; fungous  vegetation  on 
381. 

Asci,_of  Lichens,  393  ; of  Fungi,  384, 
385, 

Ascidia  parallelogranma,  658. 
Ascidians,  solitary,  657,  658  ; com- 
pound, 659—661 ; social,  661—662 ; 
development  of,  66-3 — 665. 

Ascogonia,  of  Fungi,  384  ; of  Lichens, 
394. 

Ascomycetes,  385. 

Asphalte- varnish,  212. 

Asj^disca-ioTva.  of  Trichoda,  525. 
Aspidium,  fructification  of,  413,  414. 
Asplanchna,  534,  535. 

Astasia,  506. 

Asteftiada,  skeleton  of,  637 ; metamor- 
phoses of,  643,  644. 

Asterolampra,  349. 

Asteromplialus,  349. 

Astromnia,  598. 

Astrophyton,  637. 

Astrorhiza,  559. 
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Auditory  vesicles  of  Mollusks,  691; 
development  of,  685. 

Aulacodi^cns,  352, 

Auxospores  of  Diatomacem,  338. 

Jvicula,  nacre  of,  670. 

Avicularia  of  Polyzoa,  656. 

Axile  bodies  of  sensory  papillae,  803. 

Axis-cylinderof  Nerve-fibres,  802  —804. 

A sure- 6Zwe  butterfly,  scales  of,  727,  728. 

£acilla7'ia paradoxa,  344 ; movements 
of,  339. 

Bacillus,  369—371. 

Bacteria,  369 — 375, 

Bacteriastrum,  353. 

Badcock,  Mr.,  on  metamorphosis  of 
Acinetina,  515, 

Bailey,  Prof.,  his  Diatomaceous  tests, 
204 ; on  siliceous  cuticle,  419  ; on 
internal  casts  of  Foraminifera,  578 
note. 

Baker,  Mr.,  his  Students’  Microscope, 
70;  his  Students’  Binocular,  79; 
his  Travelling  Microscope,  93,  94  ; 
his  Pond-stick,  263. 

Balanus,  metamorphosis  of,  717,  718. 

Balbiani,  M.,  on  generation  of  Infu- 
soria, 526 — 528. 

Balsam,  Canada,  see  Canada  Balsam. 

Banhsia,  stomata  of,  457. 

Barbadoes,  Polycystina  of,  596,  601. 

Bark,  structure  of,  449. 

Ba^'nade,  metamorphosis  of,  717,  718. 

Basidia  of  Fungi,  384. 

Bat,  hair  of,  778;  cartilage  of  ear  of, 
795. 

Batrachosperinece,  307,  308. 

Battledoor  scales  of  Polyommatus,  727, 
728. 

Bathyhius,  492,  493. 

Beading  of  Diatom-valves,  331 — 334  ; 
of  Insect-scales,  Dr.  Koyston  Pigott 
on,  729,  732. 

Beale,  Prof.,  his  Pocket  Microscope, 
92  ; his  Demonstrating  Microscope, 
93 ; his  use  of  viscid  media,  252 — 
255  ; his  views  of  Tissue-formation, 
764—766. 

Beck,  Messrs.,  their  Economic  Micro- 
scopes, 80 ; their  Popular  Micro- 
scope, 82  ; their  Large  Compound 
Microscope,  91  ; their  Improved 
ditto,  91,  92;  their  Achromatic 


Condensers,  120,  121  ; their  arrange- 
ment of  Polarizing  apparatus,  132  ; 
their  Compressors,  150,  151;  their 
Binocular  Magnifier,  223  note  ; their 
Microtome,  229. 

Mr.  Joseph,  on  scales  of  Thysa- 

nuras,  729—732. 

Mr.  Richd.,  his  Dissecting  Micro- 
scope, 57,  58  ; his  Disk-holder,  143  ; 
his  Side-Reflector,  137  ; his  Vertical 
Illuminator,  140,  141  ; on  scales 
of  Thysanurse,  729  ; on  Spider’s 
threads,  762. 

Bee,  eyes  of,  735—737  ; hairs  of,  733  ; 
proboscis  of,  7 42  ; wings  of,  751 ; 
sting  of,  755  ; reproduction  of,  758. 

Berg-mehl,  361. 

Bermuda-earth,  350,  361. 

Bei’oe,  627,  628. 

Biddulphia,  352  ; growth  of,  328  note; 
surface-marking  of,  329 ; self-division 
of,  334,  335. 

Bignonia,  seed  of,  465. 

Biliary  Follicles,  796,  797. 

Biloeidina,  550. 

Binary  subdivision,  of  Vegetable  Cells, 
272 — 274  ; of  Animal  Cells,  765  ; 
see  Cells,  Animal  and  Vegetable. 

Binocular  Eye-piece,  39. 

Magnifier,  Nachet’s,  58,  59  ; 

Beck’.s,  2%'^  note. 

Microscopes,  Stereoscopic, 

pi’inciples  of  construction  of,  29 — 31  ; 
advantages  of,  42 — 46  : Objectives 
suitable  for,  42 — 44;  different  forms 
of,  Nachet’s,  33,  34  ; Wenbam’s,  34 — 
36  ; Stephenson’s,  36 — 39. 

Non-Stereoscopic,  Powell  and 

Lealand’s,  98  ; Wenham’s,  99. 

Stereo-Pseudoscopic,  Nachet’s, 

39-42. 

Vision,  29 — 32. 

Bipimiaria-\ax\a  of  Star-fish,  643. 

Bird,  Dr.  Golding,  on  preparation  of 
Zoophytes,  619. 

Birds,  bone  of,  769  ; feathers  of,  780  ; 
blood  of,  784  ; lungs  of,  818. 

Bird’s-head  processes  of  Polyzoa,  656. 

Bisulphide  of  Carbon,  mounting  Dia- 
toms in,  348. 

Bivalve  Mollusks,  shells  of,  666—675. 

Black-ground  Illuminators,  125—129 
175. 
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Blackham,  Dr.,  on  Focal  Depth,  195  note. 
Blankley,  Mr.,  liis  Selenite  Stage,  133. 
Blenny,  viviparous,  scales  of,  774. 
Blights  of  Corn,  385. 

Blood,  Absorption- bands  of,  107,  108. 
Blood-disks  of  Vertebrata,  782 — 786  ; 
mode  of  preserving,  786  ; circula- 
tion of,  see  Circulation. 

Blood-vessels,  injection  of,  810 — 815  ; 
disposition  of,  in  different  parts, 
815—819. 

Bockett  Lamp,  156. 

Bone,  structure  of,  767 — 770  ; mode  of 
making  sections  of,  235 — 239,  770. 
Bones,  fossil,  examination  of,  832. 
Botryllia/ns,  661. 

Botrytis,  of  Silkworms,  377 — 389. 
Botteiill,  Mr. , bis  Growing-slide,  144, 
145  ; his  Zoophyte-trough,  148. 
Bowerbanhia,  654. 

Brachionus,  530,  540. 

Braohiopoda,  Shell- structure  of,  673 — 
675. 

Brady,  Mr.  H.  B.,  on  Saccammina,  560  ; 
on  Loftusia,  567 ; on  Globigerina, 
571. 

Braithwaite,  Dr.,  on  Sphagnaceas,  412. 
BrancJiiopoda,  710 — 7l2. 

Branchipus,  713. 

Braun,  Prof.,  on  development  of 
Pediastreae,  322 — 325. 

Brittan,  Dr.,  on  Fungus-germs,  383. 
Brownian  Movement,  182,  183. 
Browning,  Mr.,  his  Platyscopic  Lens, 
24 ; his  smaller  Stephenson  Binocular, 
85,  86  ; his  Eotating  Microscope,  78  ; 
his  Mici'o-Spectroscope,  104 — 107. 
Bi'yozoa,  see  Poltzoa. 

Buccinum,  palate  of,  681 ; egg-cap- 
sules of,  683  ; development  of,  686. 
Buclcthorn,  stem  of,  444. 

Buys,  723  j wings  of,  752. 

Bugula  avicularia,  656,  657. 

Built-up  Cells,  218. 

Bulbels,  of  Chara,  310  ; of  Marchantia, 
403,404. 

BuUmina,  572. 

Bull’s-Eye  Condenser,  136,  137 ; use 
of,  176—178. 

BurdocJc,  stem  of,  451. 

Busk,  Mr.  Q.,  on  Volvox,  285 — 289  ; on 
Polyzoa,  655 — 657. 

Butterflies,  see  Lepidoptera. 


Cabinet  for  Microscopic  Apparatus, 
154;  for  Objects,  262. 

Cacao-butter,  for  imbedding,  233. 

Cactus,  raphides  of,  435. 

Calcaire  Grossier,  824,  826. 

Calcareous  Deposits,  organic  origin  of. 
828,  829. 

Calcareous  Sponges,  606. 

Calcarina,  574. 

Calycanihus,  stem  of,  450, 

Calyptra  of  Mosses,  408. 

Cambium-layer,  449,  450. 

Camera  Lucida,  112 — 115 ; use  of,  in 
Micrometry,  116. 

Campanularidce,  617. 

Campy lodisciis,  345. 

Canada  Balsam,  use  of,  as  Cement,  212, 
236 — 238 ; mounting  of  objects  in, 
251,  257,  258. 

Canaliculi  of  Bone,  768,  769. 

Canal  - system  of  Foraminifera,  549, 
574—584. 

Capillaries,  circulation  in,  804 — 810  ; 
injection  of,  812 — 816  ; distribution 
of,  816—819. 

Capsule  of  Mosses,  408. 

Carbolic  Acid,  as  preservative,  251 ; 
use  of,  for  dehydration,  258. 

Carmine,  as  staining  agent,  246 ; in- 
jection with,  814,  815. 

Carp,  scales  of,  775. 

Carpentena,  572. 

Carrot,  seeds  of,  466. 

Cai’tilage,  structure  of,  795,  796. 

Caryophyllia,  624. 

Garyophyllum,  seeds  of,  465. 

Caterpillars,  feet  of,  755. 

Cedar,  stem  of,  446. 

Cells  for  mounting  objects,  214 — 218  ; 
mounting  objects  in,  258 — 261. 

Cells,  Animal,  formation  of,  7 65  ; binary 
subdivision  of,  765, 795 ; in  Protozoa, 
468,  479,  482,  488,  499—503,  510, 
512,  521,  524. 

Vegetable,  269 — 272  ; origin  and 

multiplication  of,  272 — 274  ; binary 
subdivision  of,  in  Protophyta,  276, 
278,  287,  293,  303,  315—317,  334  ; 
in  Phanerogamia,  423 — 427  ; cyclosia 

[ in,  309,  314,  427—431 ; thickening 
deposits  in,  431 — 433 ; spiral  de- 
posits in,  433  ; starch-grains  in, 
434,  435  ; raphides  in,  435. 
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Cellular  Tissue,  Animal,  789  Vege- 
table, ordinary  forms  of,  423 — 427  ; 
stellate,  425,  426  ; formation  of,  427. 
Cellulose,  270  ; tests  for,  249,  250. 
Cements,  Microscopic,  211 — 214. 
Cement-Cells,  214. 

Cementum  of  Teeth,  772. 

Cephalopods,  shell  of,  677,  678  ; 

chromatophores  of,  691. 

Ceramiacece,  399. 

Oeratium,  512,  513. 

Cercomonas,  development  of,  501,  502. 
Cestoid  Entozoa,  693,  694. 

CkcetoceixcB,  353. 

Chcetophoracece,  306,  307. 

Chalk,  foi’mation  of,  825 — 828. 

‘ Challenger’  Expedition,  use  of  tow-net 
in,  265  note;  collection  of  Globigerinae 
in,  569,  570;  observations  in,  on 
Bathybius  492 ; on  deep-sea  sedi- 
ments, 833,  834. 

Characece,  308 — 312;  cyclosis  of  fluid 
in,  309,  310  ; multiplication  of,  by 
gonidia,  310 ; sexual  apparatus  of, 
310—312. 

Cheilostomata,  655. 

Chemical  Microscope,  95 — 97. 

Re-agents,  249,  250. 

Chemistry,  microscopic,  848. 
Cherry-stone,  cells  of,  432. 

Chilodon,  teeth  of,  519  ; self-division 
of,  521. 

Chirodota,  calcareous  skeleton  of,  641, 
642. 

Chitine  of  Insects,  724. 

Chlamidomyxis,  390 — 392. 

Choroid,  pigment  of,  791. 

Chromatic  Aberration,  11,  12  ; means 
of  reducing  and  correcting,  13—18  ; 
residual,  in  high-angled  Objectives, 
206. 

Chromatopliores  of  Ceplialopods,  691- 
Chromic  acid,  as  solvent,  240;  use 
of,  for  hardening,  242. 

Chyle,  corpuscles  of,  785. 

Cienkowski,  on  Myxomycetes,  390;  on 
Noctiluca,  510. 

Cidaris,  spines  of,  624.  _ 

Ciliary  action,  nature  of,  516  ; in  Pro- 
tophytes,  298  ; in  Infusoria,  516 ; on 
gUls  of  Mollusks,  689  ; on  epithelium 
of  Vertebrata,  793. 

Ciliate  Infusoria,  516. 


Cilio-flagellata,  511 — 513. 

Circulation  of  Blood,  in  Vertebrata, 
804 — 810  ; in  Insects,  745,  746; 
alternating,  in  Tunicata,  658,  662. 
Circulation,  Vegetable,  see  Cyclosis. 

metamorphosis  of,  717,  718. 
Cladocera,  712. 

Clark,  Prof.  H.  James,  on  flagellate  In- 
fusoria, 504  ; on  Sponges,  604  note. 
Clathrulina  elegans,  484. 

Olavellinidce,  661 — 663. 

Cleanliness,  importance  of,  to  Micro- 
scope, 159  ; in  mounting  objects,  261. 
Clematis,  stem  of,  443,  452. 

Closterium,  cyclosis  in,  314  ; binary 
subdivision  of,  315,  316  ; conjugation 
of,  318—320. 

Clypeaster,  spines  of,  634. 

Coal,  nature  of,  821 — 823. 

Coalescence,  molecular,  845 — 848. 
Cobweb-Micrometer,  108,  109. 

Coccoliths  and  Coccospheres,  492,  493, 
827. 

Cocconcidee,  354. 

Cockchafer,  cellular  integument  of, 
724  ; eyes  of,  736  ; antenna  of,  739, 
740  ; spiracle  of  larva  of,  748,  749. 
Cockle  of  Wheat,  695. 

Coddington  lens,  23. 

Codosiga,  life-history  of,  504 — 506. 
Coelenterata,  468. 

Coenurus,  693,  694. 

Cohn,  Dr.,  his  researches  on  Protococcus, 
277 — 282  ; on  Volvox,  287 — 289  ; 
on  Stephanosphsera,  289  note;  on 
Sphseroplea,  304  ; on  Schizomycetea, 
367,  368;  on  reproduction  of  Rotifera, 
437;  his  cultivation-solution, 367  note. 
Coleoptera,  integument  of,  724  ; anten- 
nae of,  738,  739  ; mouth  of,  740,741. 
Collection  of  Objects,  general  directions 
for,  262 — 265. 

Collins,  Mr.,  his  Harley  Binocular, 
82 — 84  ; his  Eye-piece  caps,  83  ; his 
Students’  Microscope,  71  ; his 
Grraduating  Diaphragm,  120,  122. 
Collomia,  spiral  fibres  of,  433. 

Collozoa,  600. 

Colonial  nervous  system  ofPolyzoa,  653. 
Colourless  corpuscles  of  Blood,  784, 785. 
Columella  of  Mosses,  410. 

C'omaiwZa, metamorphosis  of,  646 — 649  ; 
nervous  system  of,  802. 
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Compound  Microscope,  optical  princi- 
ples of,  25 — 29  ; mechanical  con- 
struction of,  47—50,  61,  62 ; Educa- 
tional, 63 — 66  ; Students’,  66 — 80  ; 
Second  class,  80—87  ; First  class, 
87 — 92  ; for  special  purposes, 92 — 99. 
Compressor,  149 — 151 ; use  of,  168, 169. 
Concave  lenses,  refraction  by,  7, 8 ; use  of, 
in  Achromatic  combinations,  13 — 17. 
Conceptacles  of  Marchantia,  403. 
Concretions,  calcareous,  845 — 848. 
Condensers,  Achromatic,  120 — 122  ; 
Webster,  121  ; Swift’s  new  combina- 
tion, 133. 

for  Opaque  objects,  ordi- 
nary, 135  ; Bull’s-eye,  136  ; mode 
of  using,  175 — 178. 

OonfervacecB,  302;  self-division  of,  303; 
zoospores  of,  304 ; sexual  reproduc- 
tion of,  304,  305. 

Conidia  of  Fungi,  384. 

Coniferce,  peculiar  woody  fibre  of,  437; 
absence  of  ducts  in,  443  ; structure 
of  stem  in,  446,  447 ; pollen-grains 
of,  iSi  note;  fossil,  821. 

Conjugateas,  282,  283. 

Conjugation,  of  Palmoglma,  277 ; of 
Desmidiacem,  318,  319 ; of  Diato- 
maceae,  336 — 338  ; of  Conjugates, 
282,  283  ; of  Monadina,  500 — 503  ; 
of  NoctUuca,  511 ; of  Vorticellina, 
528 ; — see  Zygosis. 

Connective  Tissue,  789  ; corpuscles  of, 
766,  788,  789. 

Contractile  vesicle,  of  Volvox,  285  ; of 
Actinophrys,  480  ; of  Amoeba,  487 ; 
of  Infusoria,  497,  521. 

Conversion  of  Belief,  31,  32,  40,  41. 
Convex  lenses,  refraction  by,  4 — 7 ; 

formation  of  images  by,  8. 

Copepoda,  711. 

Coquilla-nut,  cells  of,  432. 

Coral,  cutting  sections  of,  with  animal, 
239. 

Corallines,  true,  401 ; Zoophytic,  617. 
Cork,  449. 

Corn,  blights  of,  385,  695. 

Coi-n-grains,  husk  of,  467. 

Corns,  structure  of,  792. 

Cornuspira,  '550. 

Corpuscles  of  Blood,  782 — 787. 

Correction  of  Object-glasses,  for 
Sifiierical  Abeiuation,  11,  12,  206  ; 


for  Chromatic  Aberration,  13,  14^ 
206  ; for  thickness  of  covering  trlass’ 
15,  16,  165-168.  ’ 

Coscinodiscece,  347 — 349. 

Cosmarium,  binary  subdivision  of,  316; 

of,  319;  development  of. 

Cover-correction  of  Objectives,  15.  16 
165—168.  ’ 

Covering-glass,  209 — 211. 

Crab,  shell-structure  of,  719,  720; 

metamorphosis  of,  720. 

Crabro,  integument  of,  724. 
Crag-Formation,  828. 

Crichet,  gastric  teeth  of,  744 ; sounds 
produced  by,  751. 

Crinoidea,  skeleton  of,  637 ; metamor- 
phosis of,  647 — 649. 

Cristatella,  655. 

Oristellaria,  568. 

Crouch,  Mr.,  his  Educational  Micro- 
scope, ^63,  64  ; his  Students’  Bino- 
cular, 78  ; his  stage-centering  adjust- 
ment, 92 ; his  adapter  for  Beck’s 
side-reflector,  138. 

Crusta  Petrosa  of  Teeth,  772. 
Crustacea,  707—721 ; lower  forms  of, 
707 — 709;  Entomostracous,  709  — 
715 ; Suctorial,  716 ; Cin-hiped, 
717,  718 ; Decapod,  shell  of,  719, 
720  ; metamorphosis  of,  720,  721. 
Ckyptogasiia,  general  plan  of  struc- 
ture of,  395,  421,  422 ;— see  Proto- 
phyta.  Algae,  Lichens,  Fungi,  Hepa- 
ticae.  Mosses,  Ferns,  &c. 
Crystallization,  Microscopic,  840,  845. 
Ctenoid  scales  of  Fish,  774,  775. 
Ctenophora,  627 — 629. 

Culture  of  Protophytic  Fungi,  145  note, 
367  ; of  Flagellate  Infusoria,  504. 
CwrculionidcE,  scales  of,  725,  734 ; 

elytra  of,  734  ; foot  of,  754. 

Cuticle  of  Animals,  791 — 793. 

of  Equisetacece,  419  ; of  leaves, 

456. 

Cutis  Vera,  789,  790. 

Cattle-fisk,  shell  of,  677,  678  ; chroma- 
tophore  of,  691. 

Ci/anthus,  seeds  of,  466. 

Cgclaniniina,  564. 

Cycloclypeus,  549. 

Cycloid  scales  of  Fish,  774 — 776. 
Cyclops,  711,  712;  fertility  of,  714. 
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Cyclosis,  in  Vegetable  cells,  271  ; in 
Closterium,  314 ; in  Diatomacese, 
326  ; in  Chara,  809,  310  ; in  cells 
of  Phanerogamia,  427  —431  ; in 
Rbizopocls,  474. 

Cydippe,  627,  628. 

CymhcUece,  356. 

Cynipidce,  ovipositor  of,  755. 

Oypris,  710. 

Cyprcea,  structure  of  , shell  of,  676. 
Cystic  Entozoa,  693,  694. 

Cysticercus,  693,  694. 

Cytherina,  710. 

Dactylocalyx,  60S. 

Dallinger,  Mr.,  on  flagellum  of  Bacte- 
rium termo,  369 ; Lis  Microscope 
Lamp,  156;  on  qualities  of  Objectives, 

193,  197,  Preface,  vi.,  vii. 

Dallinger  and  Drysdale,  tbeir  researches 

on  Monadina,  499 — 504. 

Dallingena  Di'ysdali,  499,  500. 
Dalyell,  Sir  J.  O.,  on  development  of 
Medusse,  620 — 622. 
Dammar-Varnish,  212,  256. 

Eaphnia,  712 — 714. 

Darker’s  Selenites,  132. 

Davies,  Mr.,  on  Microscopic  Crystal- 
lization, 840 — 842  note. 

Dawson,  Dr.,  on  Eozoon,  588. 

Deane’s  Gelatine,  253. 

De  Bary,  Dr.,  on  Myxomycetes,  390  note. 
Decalcification,  240. 

Decapod  Crustacea,  shell  of,  719, 
720  ; metamorphosis  of,  720,  721. 
Defining  power  of  Objectives,  192 — 

194,  206. 

Dehydration,  by  Alcohol,  233 ; by 
Carbolic  Acid,  258. 

Delsaulx,  Rev.  J.,  on  Brownian  move- 
ments, 183  note. 

Demodex  follicnloruni,  760. 
Demnnstratinv  Microscope,  Beale’s,  93. 
Detvdritina,  551. 

Dendrodus,  teeth  of,  831. 

Dentine  of  Teeth,  771 — 773. 
Depressions,  distinction  of,  from  eleva- 
tions, 180. 

Dermestes,  hair  of,  733. 

Desiccation,  tolerance  of,  by  Proto- 
phytes,  281  ; by  Infusoria,  50-3,  504, 
526  ; by  Rotifera,  537,  538  ; by 
Entomoslraca,  713. 
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Desmidiacex,  general  structure  of,  Il2 
— 314;  cyclosis  in,  314;  binary  sub- 
division of,  315 — 317  : formation  of 
gonidiain,  318;  conjugation  in,  318, 
319;  classification  of,  319 — 321; 
collection  of,  321,  322. 

Deutzia,  stellate  haii's  of,  456. 

Development,  of  Annelids,  700 — 704  ; 
of  Anodon,  682  ; of  Ascidians,  663  ; 
of  Cirrhipeds,  717,  718  ; of  Crab, 
720  ; of  DesmidiaceoB,  318  ; of  Diato- 
macese,  334—  337  ; of  Echinoder- 
mata,  642 — 649;  of  Embryo  (.'\iii- 
mal),  468,  609  ; of  Embryo  (Vege- 
table), 421,  422;  of  Entomostraca, 
715 — 717  ; of  Ferns,  418;  of  Gaste- 
ropods,  683 — 689  ; of  Insects,  758, 
759 ; of  Leaves,  427 ; of  Medusse, 
614 — 622;  of  Mosses,  410  ; ofNudi- 
branchiata,  684  ; of  Palmoglma,  276  ; 
of  Pollen-grains,  462 ; of  Protococ- 
cus, 278  ; of  Sponges,  605  ; of  Stem, 
450  ; of  Vegetable  cell,  272,  273  ; 
of  Volvox,  285—287. 

Diagonal  Scales,  111,  116. 

Diamond-heetle,  scales  of,  725  ; elytra 
of,  734  ; foot  of,  753. 

Diaphragm  Eye-piece,  Slack’s,  112. 

Diaphragm-Plate,  118 — 120. 

Diatoma,  343. 

Diatomacece,  general  structure  of,  325 — 
327  ; silicified  valves  of,  327 — 329  ; 
surface-markings  of,  329 — 334  ; 

binary  subdivision  of,  334,  335 ; 
conjugation  of,  336 — 338  ; gonidia 
of,  337 ; auxospores  of,  338  ; move- 
ments of,  339  ; classification  of,  340  ; 
general  habits  of,  360,  361  ; fos- 
silized deposits  of,  361,  362,  823  ; 
collection  of,  362 — 364  ; mounting 
of,  365,  366. 

Diatoms,  as  Tests,  202 — 205,329 — 334. 

Dichroism,  844. 

Dicotyledonous  Stems,  structure  of, 
442—451. 

Dictyoloma,  seeds  of,  466. 

Didemnians,  660. 

T)idymoprium;  321 ; self-division  of, 
315;  conjugation  of,  319. 

Difflugia,  489,  490. 

, Difi'raction,  errors  arising  from,  184 — 
186  ; production  of  microscopic 
images  by,  186 — 191. 
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Diphtheria,  fungus  of,  382. 
Dipping-tubes,  151. 

Diptera,  mouth  of,  742;  halteres  of 

752  ; ovipositors  of,  756.  ’ 

Discorbina,  573. 

Disk-holder,  Beck’s,143  ; Morris’s,  144. 
Disk-illuminator,  Wenham’s,  123. 
Dispersion,  chromatic,  11,  12. 
Dissecting  Instruments,  224;  Trough, 
223  ; Microscopes,  53 — 60.  ’ 

Dissection,  Microscopic,  223—225. 
Distoma,  696. 

Dog,  epidermis  of  foot  of,  792. 

Doris,  palate  of,  680 ; spicules  of, 
676,  677  ; development  of,  683,  684. 
Dorsal  Vessel  of  Insects,  745. 
Double-staining,  248. 

Doublet, Wollaston’s,22  ; Steinheil's,  24. 
Dragon-fiy,  eyes  of,  736;  larva  of, 
745—749. 

Drawing  Apparatus,  112 — 116. 
Draw-Tube,  101. 

Dropping  Bottle,  254. 

Drosera,  hairs  of,  456. 

Dry-mounting  of  Objects,  214,  218. 
Drysdale,  Dr.,  see  Ballinger. 

Ducts,  of  Plants,  438,  439. 

Dujardin,  M.  ,on  Sarcode  of  Foraminifera 
&c.,266wo/e;  onEotifera,  538 — 541. 
Dunning’s  Turn-Table,  220. 

Duncan,  Dr.,  on  Fungi  in  coral,  383. 
Duramen,  445. 

Dytiscios,  foot  of,  754;  trachea  and 
spiracle  of,  748. 


Dagle-Jtay,  teeth  of,  772. 

Earwig,  wings  of,  751. 

Eccremo carpus,  seeds  of,  466. 

Echinida,  shell  of,  630,  63 1 ; ambula- 
cral  disks  of,  631,  632  ; spines  of, 
632 — 634  ; pedicellariaa  of,  635  ; 
teeth  of,  635,  636 ; metamorphosis 
of,  644,  645. 

Echinodermata,  skeleton  of,  630 

636  ; metamorphoses  of,  642 — 646. 

Echinus-spines,  cutting  sections  of 
235-239,  638—640. 

Eclocarpacece,  396. 

Ectoderm,  468. 

Ectosarc  of  Rhizopods,  475,  486. 

Ectoplasm  of  Vegetable  cell,  270. 

Edmunds,  Dr.,  his  immersion-pai'abo- 


loid,  127  ; his  parabolized  gas-slide, 
148.  * 

Educational  Microscopes,  63 66. 

Eel,  scale  of,  775  ; gills  of,  817. 

Eds,  of  paste  and  vinegar,  695. 

Eggs  of  Insects,  757  ; — see  Winter-eggs. 
Egg-shell,  fibrous  structure  of,  787  • 
calcareous  deposit  in,  846.  ’ 

Ehrenberg,  Prof.,  his  researches  on  In- 
fusoria, 496,  497;  on  Rotifera 
496;  on_  Polycystina,  596,  602;  on 
composition  of  Greensands,  577  note, 
829.  ’ 

Elastic  Ligaments,  788. 

Elaters  of  Marchantia,  405. 

Elementary  Parts  of  Animal  body,  764 
— 767  ; — see  Tissues. 

Elevations,  distinction  of,  from  depres- 
sions, 180. 

Elytra  of  Beetles,  751. 

Embryo,  see  Development. 

Embryo-sac  of  Phanerogamia,  423. 
Empusa  musci,  379. 

Enamel  of  Teeth,  772. 

Encrinitcs,  see  Crinoidea. 

Encysting  process,  of  Protophytes,  287 
— 281;  of  Infusoria,  522 — 526. 
End-bulbs  of  sensory  Nerves,  803. 
Endochrome,  of  V'^egetable  cell,  270  ; of 
Diatomacem,  326. 

Endoderm,  468. 

Endogenous  Stems,  structure  of,  441 
451.  " 

Endoplasm  of  Vegetable  cell,  270. 
Endosarc  of  Rhizopods,  475,  486. 
Endosperm-  of  Phanerogams,  423. 
Enterobryus,  380,  381. 

Entomostraca  (Crustacea),  708—715  : 
cla.ssification  of,  710 — 713;  repro- 
duction of,  713—715. 

Entophytic  Fungi,  385,  386. 

Entozoa,  693—696;  Cestoid,  693; 
Cystic,  693;  Nematoid,  694,  695: 
Trematode,  696. 

Eosin,  as  staining  agent,  247. 

Eozoic  Limestone,  830. 

Eozobn  Canadense,  587 — 592. 

Ephemera,  larva  of,  723,  745,  749. 
Ephippium  of  Daphnia,  714,  715. 
Epidermis,  Animal,  791.  792. 

Vegetable,  453—457. 

Epithelium,  792  ; ciliated,  793. 
Epiihemia,  341;  conjugation  of,  336. 
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Equhetacetv,  cuticle  of,  418;  spores  of 
419.  ’ 

Erecting  Binocular,  see  Stephenson. 

. Erecting  Prism,  Nachet’s,  103. 

Erector,  Lister’s,  101. 

Errors  of  Interpretation,  179 — 185. 
Euglena,  506. 

Eunoliece,  341. 

Euplectella,  60S. 

Eiiryale,  skeleton  of,  637. 

Ewart,  Prof.,  on  Bacillus,  371 — 373. 
E.KOgenous  Stems,  structure  of,  442 — 
451. 

Eyes,  care  of,  158,  Preface,  ix,  x. 

Eyes  of  Mollusks,  690,  691  ; of  Insects, 
735 — 738;  of  Trilobite,  830. 
Eye-piece,  27  ; Huyghenian,  27,  28  ; 
Kellner’s,  28,  29  ; solid,  29  ; Bams- 
den’s,  29  ; Binocular,  39  ; Erecting. 
103 ; Spectroscopic,  104  ; Micro- 
metric, 109—111  ; Diaphragm.  112. 

Collins’s  shades  for,  83. 

Eye-piecing,  deep,  disadvantage  of, 
161,  162,  Preface,  ix. 

Falconer,  Dr.,  on  hones  of  fossil  Tor- 
toise, 832. 

Fallacies  of  Microscopy,  179 — 185. 
Farrant’s  Medium,  253,  256. 

Farre,  Dr.  Arthur,  his  researches  on 
Bowevhankia,  654. 

Fat-cells,  794  ; capillaries  of,  816. 
-Feathers,  structure  of,  777,  780. 

. Feet  of  Insects,  752 — 754;  of  Spiders, 
761. 

Fermentation,  influence  of  vegetation 
on,  375,  376. 

^ Ferns,  412 — 418;  scalariform  ducts, 
of,  412  ; fructification  of,  412 — 
414  ; spores  of,  414  ; prothallium 
of,  415  ; antheridia  and  archegonia 
of,  416,  417  ; generation  and  deve- 
lopment of,  417,  418. 

FFertilization  of  ovule,  in  Flowering 
plants,  422,  464. 

;Fibre‘Cells  of  anthers,  462  ; of  seeds, 
432—434. 

^Fibres,  Muscular,  798— 801, 

Nervous,  801 — 803. 

Spiral,  of  Plants,  432—434  ; 

437—439. 

^ibrillm  of  Muscle,  structure  of,  798. 
Tibro-Cartilage,  796. 
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Fibro- Vascular  Tissue  of  Plants,  436. 
Fibrous  Tissues  of  Animals,  787-789- 
formation  of,  766.  ’ 

Field’s  Dissecting  and  Mounting  Micro- 
scope, 59,  60 ; his  Educational  Mi- 
croscope, 63. 

Filiferous  Capsules  of  Zoophytes,  624. 
Finders,  117;  Maltwood’s,  118. 

Fine  Adjustment,  48  ; uses  of,  162— 
164.  ’ 

Fishes,  bone  of,  769,  770;  teeth  of, 
771,  772 ; scales  of,  774—776; 
blood  of,  782 — 784  ; circulation  in, 
807  ; gills  of,  817. 

Fishing  tubes,  151. 

Flagella,  of  Protococcus,  279  ; of 
Volvox,  284;  of  Bacteria,  369. 
Flagellata  (Lniasorm),  498 — 511  ; their 
relation  to  Sponges,  603. 

Flatness  of  field  of  Objectives,  195. 
Flints,  organic  structure  in,  827  ; ex- 
amination of,  828, 

Flint  Glass,  dispersive  power  of,  13  • 
use  of,  in  Objectives,  17,  18.  ’ ’ 

Floi’idece,  399. 

Floscularians,  538,  539. 

Flowers,  small,  as  Microscopic  objects, 
460;  structure  of  parts  of,  460 — 
464. 

Fluid,  mcugting  objects  in,  258  —261. 
Fluke,  696. 

F lustra,  650 — 654. 

Fly,  fungous  disease  of,  379  ; number 
of  objects  furnished  by,  722  ; eye  of, 
736;  circulation  in,  746;  tongue  of,’ 
742 ; spiracle  of,  748 ; wing  of, 
750 ; foot  of,  753  ; development  of, 
759. 

Focal  Adjustment,  162 — 165  ; errors 
arising  from  imperfection  of,  180— 
183. 

Focal  Depth  of  Objectives,  194;  in- 
crease of,  with  Binocular,  45. 

Follicles  of  Glands,  797. 

Foot  of  Fly,  753;  of  Dytiscus,  754; 
of  Spider,  761. 

Foraminifera,  543-592  ; their  rela- 
tion to  Rhlzopods,  476,  544 ; their 
general  structure,  544 — 549  ; por- 
cellanous,  549-558 ; arenaceous, 
658 — 568  ; vitreous,  568 — 692  • 
collection  and  mounting  of,  593— 
595;  fossil  deposits  of,  see  Fossil 
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Foraminifera  ; mode  of  making  sec- 
tions of,  236  note. 

forceps,  153;  Stage,  142  ; Slider,  221. 

Porjiculidce,  wings  of,  751. 

Formed  Material,  Dr.  Beale  on,  764 — 
766. 

Fossil  Bone,  832. 

Diatoms,  361 — 363,  823,  824. 

Foraminifera,  552,  553,  560, 

565—567,  575,  580—593, 823—830. 

Radiolaria,  596. 

Sponges,  826,  827. 

Teeth,  831,  832. 

Wood,  446,  448,  820—823. 

Foiul,  lung  of,  818. 

FragiUariece,  342. 

Free  Cell-formation  in  Plants,  272,  273. 

Freezing  Microtome,  229,  234. 

Frog,  blood  of,  783 — 786;  pigment 
cells  of,  791 — 792  ; circulation  in 
web  of,  804 — 806  ; in  tongue  of, 
806  ; iji  lung  of,  806;  structure  of 
Inng  of,  817,  818. 

Fructification,  of  Chara,  310 — 312; 
of  Fuci,  397 — 399 ; of  Floridese, 
399 — 401  ; of  Lichens,  393;  of 
Fungi,  383,  386 ; of  Marchantia, 
404,  405;  of  Mosses,  408 — 410; 
of  Ferns,  412—418;  of  Equisetacese, 
419  ; of  Lycopodiacese,  420. 

Fucacece,  393 — 399  ; sexual  apparatus 
of,  397 — 399  ; development  of,  399. 

Fungi,  relation  of,  to  Algse,  275,  367  ; 
to  Animals,  367,  388—392 ; to 
Lichens,  393 ; simplest  forms  of, 
367 — 377 ; in  bodies  of  living  Ani- 
mals, 377 — 382  ; in  substance,  or 
on  surface,  of  Plants,  385,  386  ; 
amoeboid  states  of,  388,  389;  uni- 
versal diffusion  of  sporules  of,  373 
— 383 ; culture  of,  145  note,  367. 

Furcularians,  540, 

Fusvlina,  575,  576. 

Gad-flies,  ovipositor  of,  756, 

Gall-flies,  ovipositor  of,  755. 

Galls  of  Plants,  755. 

Ganglion-Cells,  801. 

Ganoid  scales  of  Fish,  776. 

Gasteropoda,  structure  of  shells  of, 
676;  palates  of,  678  — 681;  deve- 
lopment of,  683 — 689  ; organs  of 
sense  of,  690,  691. 


Gastrula,  468. 

Geikie,  Prof.,  on  Geographical  evolu- 
tion, 833  note. 

Gelatine,  see  Glycerine  jelly. 

Gelatinous  Nerve  fibres,  802. 

Generation,  distinguished  from  Growth, 
273 — 275;  in  Cryptogams,  421;  in 
Phanerogams,  422. 

Geology,  applications  of  Microscope  to. 
820—835. 

Geranium-goioX,  peculiar  cells  of,  460. 

Germ- cell  of  Cryptogams,  421 ; of 
Phanerogams,  422. 

Germinal  jMatter,  Dr.  Beale  on,  764. 

Gills,  of  Mollusks,  ciliary  motion  on, 
689,  690  ; of  Fishe.®,  distribution  of 
vessels  in,  817  ; of  Water-newt,  cir- 
culation in,  807. 

Gizzard  of  Insects,  744. 

Glands,  structure  of,  796,  797. 

Glandular  woody  fibre  of  Conifers,  437. 

Glass  Slides,  208,  209. 

Stage-plate,  144. 

Thin,  209—211. 

Glaucium,  oyclosis  in  hairs  of,  430. 

Gldbigenna,  569 — 571. 

Globigerina-mud,  569;  its  relation  to 
Chalk-formation,  825 — 829. 

Glohigerinida,  569 — 576. 

Glochidium,  682. 

Glue,  Liquid,  213. 

, Marine,  uses  of,  213,  216. 

Glycerine,  for  mounting  objects,  252  — 
256. 

Glycerine  Jelly,  253  ; mounting  in,  256. 

Glycerine  and  Gum  medium,  253,  256. 

Gnat,  scale  of,  185  ; transparent  larva 
of,  745. 

Gold-Size,  use  of,  211,  212. 

Gomphonemece,  356. 

Goniometer,  111,  112. 

Gonidia,  275  note,  276  ; multiplication 
by,  in  Desmidiacene,  318;  in  Pedi- 
astrem,  322 ; in  Diatomace®,  336  ; 
in  Hydrodictyon,  302 ; in  Chara, 
310 ; in  Lichens,  393  ; in  Fungi, 
384,  386  ; in  Volvox,  287. 

Gordius,  695. 

Gorgonia.,  spicules  of^  626,  627. 

Gos'^e,  Mr.,  on  mastax  of  Rotifers, 
532 — 534  ; on  sexes  of  Rotifers, 
535  ; on  Melicerta,  539 ; on  thread- 
cells  of  Zoophytes,  625. 
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Grammatophora,  346  ; its  use  as  test, 
205. 

Grantia,  structure  of,  606,  608. 

Grasses,  silicified  cuticle  of,  456. 

Gray,  Dr.,  on  palates  of  Gasteropoda, 
680  ; on  development  of  Duecinunf, 
686. 

Green  Sands,  Foramiuiferal  origin  of, 
829,  830  ; Prof.  Ehrenberg  on  com- 
position of,  577  note,  829. 
Gregarinida,  494,  495. 

Gromia,  477 — 480. 

Growing-Slide,  144,  145. 

Growth,  distinguished  from  Generation, 
273—275. 

Guano,  Diatomacese  of,  364. 

Gulliver,  Mr.,  on  Raphides,  436 ; on 
sizes  of  Blood-disks,  783 — 785. 

Gum  Arabic,  213. 

Guy,  Dr.,  on  sublimation  of  Alkaloids, 
849. 

Gymnosperms,  422,  423. 

Haeckel,  Prof.,  on  Gastrsea  theory,  495 
note;  on  Monerozoa,  469  ; onBathy- 
bius,  492  ; on  Radiolaria,  597  ; on 
Infusoria,  498  note;  on  Calcareous 
Sponges,  607  note. 

JJcematococcus,  292 ; its  relations  to 
Protococcus,  278. 

Hsematoxylin,  as  staining  agent,  246. 
Hairs,  of  Insects,  733  ; of  Mammals, 
777—780. 

of  Vegetable  cuticles,  4o5  ; ro- 
tation of  fluid  in,  429,  431.^ 
Halichondria,  spicules  of,  606. 

Halifax,  Dr.,  on  making  Sections  ot 
Insects,  724. 

Haliomma,  599. 

Haliotis,  palate  of,  630. 

Baliphysema,  562. 

JIalodactylus,  654. 

Halophragmium,  563. 

Halteres  of  Diptera,  752. 
Hand-Magnifiers,  22 — 25,  50,  51. 

Hard  Substances,  cutting  Sections  ot, 
235—239. 

Hardening  of  Animal  Substances,  241. 
Harley  Binocular,  82,  83. 

Harting,  Prof.,  on  Calcareous  concre- 
tions, 847. 

Hartnack,  M.,  his  diagonal  Micrometer, 
111  ; on  Surirella,  205. 


Harvest-bug,  760. 

Haversian  Canals  of  Bone,  767,  768. 
Haustellate  Mouth,  743,  744. 

Hay  craft.  Mi'.,  on  Muscular  fibre,  799. 
Hazel,  stem  of,  445. 

Hearing,  organs  of  (?),  in  Insects,  740. 
Heart-wood,  445. 

Heat,  tolerance  of,  by  Bacteria,  &c.,  373; 

by  Infusoria,  503,  504. 

Heliopelta,  350,  351. 

Heliozoa,  476,  480—485. 

Helix,  palate  of,  678. 

Hemiptera,  wings  of,  752. 

Hepatica,  401 — 405  ; see  Marchantia. 
Hepworth,  Mr.,  on  feet  of  Insects,  753. 
Hertwig,  Dr.,  on  Ehizopods,  47  6 note, 
478 ; on  Foraminifera,  544  note. 
Heteromita,  501,  502. 

Heterostegma,  584. 

Hexiradiate  Sponges,  608. 

Hicks,  Dr.,  on  Volvox,  290  ; on  Amoe- 
boid production  in  root-fibres  of 
Mosses,  406  ; on  eyes  of  Insects, 
736  ; on  peculiar  organs  of  sense  in 
Insects,  740  note,  752. 

Hincks,  Rev.  T.,  on  Hydroid  Zoophytes, 
614  ; on  Polyzoa,  655  note. 
Hippocrepian  Polyzoa,  654,  655. 

Hogg,  Mr.,  on  development  of  Lym- 
nseus,  686. 

Hollyhock,  pollen-grains  of,  44,  198, 
464. 

Holothurida,  skeletons  of,  640 — 642. 
Holtenia,  608. 

Homogeneous  Immersion,  19,  20. 

Hoofs,  structure  of,  781,  782. 

Hooker,  Sir.  J.  D.,  on  Antarctic  Dia- 
toms, 360. 

Hoop,  of  Diatoms,  328;  334,  335. 
Hormosina,  563. 

Hornet,  wings  of,  751. 

Horns,  structure  of,  781,  782. 

Houghton,  Rev.  W.,  on  Glochidium-, 
682. 

Hudson,  Dr.,  on  Pedalion,  635,  536, 
542. 

Huxley,  Prof.,  on  Protoplasm,  267  ; on 
cell-formation  in  Sphagnacefe,  411 ; 
on  Bath-ybius,  492  ; on  Coccoliths, 
492,  493  ; on  Rotifera,  537,  542  ; 
on  Thalassicolla,  601  note;  on  Noc- 
tiluca,  507  itote;  on  Shell  of  Mol- 
1 luBca,  669  ; on  Appendicularia,  664  j 
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on  Blood  of  Annelida,  699  ; on  Shell 
of  Crustaoea,  719  note;  on  llepro- 
ductiou  of  Aphides,  7.58. 

Huyghenian  eye-pieoe,  27,  28. 

Hyalodiscus,  205,  346. 

Ilydatina,  540  ; reproduction  of,  536. 

Hydra,  life-history  of,  610 614. 

Hydra  tula,  development  of  Ac'alephs 
from,  620—622. 

Hydrodictyon,  301,  302. 

Hydrozoa,  simple,  610;  composite, 
614—619  ; their  relation  to  Medusm, 
615,  619—623. 

Hyla,  preparation  of  nerves  of,  804. 

Icc-Plant,  cuticle  of,  155. 

hhneumonidcB,  ovipositor  of,  755. 

Illumination  of  Opaque  objects,  176 — 
178  ; of  Transparent  objects,  I7l — 
175;  diverse  effects  of,  on  lined  ob- 
ects,  173,  174. 

Illuminators,  Black-ground,  125—129 
175.  ’ 

- Oblique,  123,  124,  173— 


175. 


Parabolic,  126,  127. 
Reflex,  128,  129. 

Side,  135-138. 

Vertical,  138 — 141. 
Wenham’s  Disk,  123  ; his 


Reflex,  128,  129 

— White-Cloud,  130, 


Imbedding  processes,  232’-^234. 
Immersion-Lenses,  18 — 20. 

Images,  formation  of,  by  convex  lenses  8. 
Index  of  Refraction,  1—3. 
Indigo-carmine,  as  staining  agent,  248. 
Indian  Corn,  cuticle  of,  453,  457. 
Indicator,  Quekett’s,  112. 

Indusium  of  Ferns,  414. 

Infusobia,  497—529 ; Flagellate,  498  • 
Suctorial,  513  ; Ciliate,  516 ; move- 
ments of,  518,  519  ; internal  struc- 
ture _ ot;  519—521;  binary  sub- 
division of,  521,  522 ; encystino’ 
process  of,  522—526  ; sexual  genera” 
tion  (?)  of,  526—529. 

Infusorial  Earth, s,  361. 

Injections  of  Bloodvessels,  mode  of 
making,  810—816. 

Insects,  great  numbers  of  objects 
furnished  by,  /22;  microscopic  forms 
of,  723  ; antennae  of,  738—740;  cir- 


culation  of  blood  in,  745,  746  ; eggs 

feet  of,  y 5 2— 755;  gastric  teeth  of’ 
744;  hairsof,733;  integument of,724 
/35  ; mouth  of,  740-744  ; organs 
of  healing  m,  740  ; of  smell  in,  752- 
of  taste  in,  744  ; ovipositors  of,  755* 

If  vis  "vlo  .^25-733  ; spiracles 
If  lift  '55  ; trachea 

ot,  746— 748  ; wings  of,  750—752. 
interlerence-spectra,  186—191 
Intermediate  Skeleton  of  Poram’inifera 
549,  569,  575,  579,  589. 

Internal  Ca.sts  of  Forarainifera,  572 
5i3,  577,  578,  584,  586,  591,  829.’ 
Interpretation,  errors  of,  179—185, 
Inverted  Microscope,  Dr.  L.  Smith’s’ 96. 
Iodine,  as  test,  249. 

Iris,  structure  of  leaf  of,  457 459. 

Iris-diaphragm,  120. 

Isthmia,  352  ; markings  on,  329.  330  • 
self-division  of,  335.  ’ 

Itch- A earns,  760. 
hdus,  fungous  vegetation  in,  380. 

Jackson,  Mr.  G.,  his  model  for  Com- 
pound Microscope,  62;  his  Eye-piece 
Micrometer,  109,  110. 

Jevons,  Prof,  on  Brownian  movement, 
183. 

Jukes,  Prof, on  Foraminiferal  reef,  823. 

Kellner’s  Eye-piece,  28,  29. 

Kerp.na  silurus,  517. 

Kent,  Mr.  S.,  on  Flagellate  Infusoria, 
504,  505  ; on  Sponges,  604  note. 
Kidney,  structure  of,  797. 

Klein,  Dr.,  on  Cells  and  Nuclei,  7 65  note. 
Kleinenberg,  Prof,  on  Hydra,  614  note, 
76inote;  his  preparing  fluid,  243  ; 
his  staining  fluid,  246. 

Koch,  on  Sections  of  hard  and  soft  sub- 
stances, 239. 

Kolliker,  Prof,  on  Fungi  in  Shells,  &c., 
382  note. 

Kovalevsky,  on  development  of  Asci- 
dian.o,  664  note. 

Kiihne,  on  contraction  of  Vorticella- 
stalk,  519. 

Labelling  of  Objects,  261,  262. 

Laboratory  Dissecting  Jlicroscope,  55, 

56. 
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Lahyrinthodon,  tooth  of,  831,  832. 

Lachmaun,  see  Claparede  and  Lach- 
mann. 

Lacinularia,  Prof.  Hnxley  on,  535  note, 

Lacnnse  of  Bone,  768,  769. 

Lagena,  544,  568. 

Laguncida,  650-653. 

Lamellicornes,  antennae  of,  739. 

Lamps  for  Microscope,  155,  156. 

Lankester,  Prof.  E.  Kay,  on  aiuoeboids 
in  fresh- water  Medusa,  610 ; on 
development  of  Limnaeus,  685. 

Larvae  of  Echinoderms,  642-649. 

Laurentian  Formation  of  Canada,  588, 
830  ; of  Europe,  588  note. 

Leaves,  structure  ot^  458-460. 

Leech,  teeth  of,  706. 

Leeson,  Dr.,  his  douhle-refracting  Go- 
niometer, 112;  his  Selenite-plate,  132. 

Legg,  Mr.,  on  collection  of  Forami- 
nifera,  593,  594. 

Leidy,  Dr.,  on  Enterohiyus,  380  ; on 
Khizopods,  491  note. 

Lenses,  refraction  hy,  3,  6. 

Le.pidocyrtus,  scales  of,  seePodura. 

Lepidoptera,  scales  of,  725 — 735; 
proboscis  of,  743,  744;  wings  of, 
725,  751;  eggs  of,  757. 

Lepidosteus,  bony  scales  of,  769,  776. 

Lcpidostrobi,  421. 

Lepisma,  scales  of,  728,  729  ; diffrac- 
tion-spectrum of,  190. 

Lepralia,  651,  655. 

Zemoea,  716,  717. 

Levant-Mad,  microscopic  organisms  of, 
823,  824. 

Lever  of  Contact,  210. 

Lewis,  Mr.  B.,  bis  freezing  Microtome, 


229. 

LibeUnla,  eyes  of,  736;  respiration  of 
larva  of,  749. 

ZicAcns,  composite  nature  of,  392  394. 

Lichmophorea;,  M2. 

Lieberkiihn  (speculum),  133—140  ; 
mode  of  using,  178. 

Lieberkuhnia,  472 — 474. 

Ligaments,  structure  of,  788. 

Light,  for  Microscope,  155 — 158  ; ar- 
rangement of,  for  Transparent  objects, 
109_175;  for  Opaque  objects,  175— 


178. 

Light-modifiers,  130. 


Ligneous  Tissue,  436,  437. 

Limax,  shell  of,  676  ; palate  of,  679. 

Limestones,  organic  origin  of,  828,  829; 
Fusuline,  575,576,829;  Nummulitic, 
580,581,  829  ; Milioline,  828;  Orbi- 
toidal,  585  ; Eozoic,  587,  588,  830. 

Limiting  Angle,  3. 

Limpet,  palate  of,  679. 

Liquid  Glue,  213. 

Lined  Objects,  diverse  effects  of  Illu- 
mination on,  173,  174. 

Tests,  resolution  of,  202 — 205. 

Lister,  Mr.  J.  J.,  his  improvements  in 
Achromatic  lenses,  15  ; his  Erector, 
101,  102  ; his  observations  on  Zoo- 
phytes, 616  ; on  Social  Ascidiaus, 
661—663. 

Lister,  Prof.,  on  Bacteria,  &c.,  374. 

Lituolida,  562 — 568. 

Live-box,  146. 

Liver,  structure  of,  796,  797. 

Liverwort,  401 — 405. 

Lobb,  Mr.,  on  binary  subdivision  in 
Micrasterias,  317. 

Lobosa,  476,  486 — 491. 

Loftusia,  567. 

Logan,  Sir  W.,  on  Laurentian  Forma- 
tion, 588  note,  830. 

Lophophore  of  Polyzoa,  651. 

Lophyropoda,  709,  710. 

Lowne,  Mr.,  on  feet  of  Insects,  754 
note;  on  eyes  of  Insects,  737  note; 
on  development  of  Insects,  759. 

Lubbock,  Sir  J.,  on  Daphnia,  715  ; on 
Thysanura,  728. 

Luders,  Mad.,  on  fermentation,  376. 

Luminosity  of  Noctiluca,  506,  510 ; of 
Annelida,  705. 

Lungs  of  Reptiles,  817  ; of  Birds,  817; 
of  Mammals,  819. 

Lyccenidce,  scales  of,  726,  728. 

Lycopodiacece,  420. 

Lymncews,  development  of,  683,  686. 

Lymph,  corpuscles  of,  785. 


Machilis,  scale  of,  729,  730. 
Macro-gonidia,  276  note;  of  Volvox, 
287  ; of  Pediastrete,  323  ; of  Hydro- 
dictyon,  302. 

Maddox,  Dr.,  his  Growing-Slide,  145  ; 
on  cultivation  of  Microscopic  Fungi, 
146  note. 
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Afagnifying  power,  augmentation  of, 
iOJ,162  ; determination  of,  206,  207. 
Alagenta,  as  staining  agent,  247. 
Mahogany,  section  of,  447. 

Malpighian  bodies  of  Kidney,  797. 

layer  of  Skin,  791. 

Maltwood’s  Finder,  118. 

MalvacetB,  pollen-grains  of,  464;  their 
use  as  tests,  44,  198. 

Mammals,  bone  of,  767—770;  teeth 
hoofs,  &c.,  of, 
777—782  ; Mood  of,  782—786  • 
ungs  of,  819.  ’ 

Man,  teeth  of,  172— ■ hair  of,  779 

780  ; blood  of,  782-786. 

Alandibulate  mouth  of  Insects  741. 
Marchantia,  general  structure  of,  401  ■ 
stomata  of,  402 ; conceptacles  of, 
403  ; sexual  apparatus  of,  404. 
Margaritaceae,  shells  of,  669—671 

Marine  Glue,  uses  of,  213,  216. 

Marsh,  Dr.  S.,  his  section- lifter,  245- 
on  Section-cutting,  &c.,  232,  256 
Mastax  of  Rotifera,  532,  534. 
Mastogloia,  358,  359. 

Matthews,  ^ Dr.  his  Micro-megascope, 
102  ; his  saw  for  Section-cutting 
325. 

Aledia,  Preservative,  250 — 253. 
Medullary  Rays,  425,  445—449. 

■ Sheath,  437,  443. 

Medusce,  their  relation  to  Polypes,  615, 
623  ; fresh-water,  amoeboidsin, 

610. 


MegalopaAaxYSi  of  Crab,  721. 

Megatherium,  teeth  of,  773. 

Melanospermece,  396. 

Melicertians,  538,  539. 

Melolontha,  see  Cockchafer. 

Melosira,ZiQ,  347  ; auxospores  of,  338. 

Menelaus,  scale  of,  726,  727. 

Meniscus  Lenses,  refraction  by,  8. 

Meridian  circulare,  341. 

Mesembryanthemum,  cuticle  of,  455. 

Mesocarpus,  282. 

Metamorphosis,  of  Annelids,  700—703  ; 
of  Ascidians,  663— 665;  ofCirrhipeds,’ 
717,718;  of  higher  Crustacea,  720, 
721  ; of  Entomostraca,  715 ; of 
Echinoderms,  642—646  ; of  Infu- 
soria, 523 — 526  ; of  Insects,  758, 
759  ; of  Mollusks,  682—689. 

Metazoa,  469. 


Mica-Selenite  Stage,  133. 

Micrasterias,  binary  sub-division  of 
317  ; stato-spores  of,  318.  ’ 

Micro-Chemistry,  848,  849. 
Micrococcus,  368. 

276  note;  of  Protococcus, 
280  ; of  Desmidiace®,  318  ; of  Hy- 
drodictyon,  302. 

Micro-megascope,  102. 

Alicrometers,  Ramsden’s,  108  109  • 

Jackson’s,  109, 110;  Hartnack’s,  111.’ 
Micrometry,  by  Alicrometer,  109 — 111  • 
by  Camera  Lucida,  116.  ’ 

Micropyle  of  Vegetable  Ovule,423,465. 
Microscope,  support  required  for,  154 
155;  care  of,  159,  160;  focal  ad’ 
justment  of,  162—168;  arrangement 
of,  for  Transparent  objects,  168-1 75; 
for  Opaque  objects,  1 75—179. 

— Binocular,  see  Binocular 

Microscope. 

; — Compound,  see  Com- 
pound Alicroscope. 

^ ■Simple,see  Simple  Alicro- 

scope. 

Chemical,  95 — 97. 

Demonstrating,  93. 

■ Dissecting,  53 — 60. 

Educational,  63 — 66. 

Inverted,  95—97. 

Ariueralogical,836 — 838. 

Pocket,  92. 

Popular,  82. 

Portable  Binocular,  94. 

Students’,  66—80,  856. 

Travelling,  93,  94. 

Microscopic  Dissection,  223—225. 
A'licro-Spectroscope,  104 — 107. 
Microtome,  Simple,  226  ; Hailes’s,  227 
— 229  ; Strassburg,  229  ; freezing, 
229;  Rivet-Leiser,  229—231. 
Microzymes,  375. 

Mildew  of  Corn,  385. 

Miliolida,  550. 

Alillon’s  test  for  Albuminous  sub- 
stances, 250. 

Milne-Edwards,  AI.,  on  Compound 
A.scidians,  661  note. 

Alineral  Objects,  834— S49. 

Minnow,  circulation  in,  807. 
Alisinterpretation  of  microscopic  ap- 
pearances, causes  of,  179 — 185. 

Mites,  759. 
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Mivart,  Prof.,  on  Radiolaria,  597. 

Moderator,  Rainey’s,  130. 

Molecular  Coalescence,  845 — 848. 

Movement,  182,  183. 

Molldsca,  shells  of,  666—678  ; palates 
of,  678 — 681 ; development  of,  682 
— 689  : ciliary  motion  on  gills  of, 
689,  690;  organs  of  sense  of,  690,  691. 

Molybdate  of  Ammonia,  248. 

Monadina,  498 — 504. 

Monerozoa,  469 — 475. 

Monocotyledonous  Stems,  structure  of, 
441,  442. 

Monothalamous  Foraminifera,  544. 

Morula,  468. 

Morehouse,  Mr.,  on  Lepisma-scale,  729, 
733  note. 

Morris,  Mr.,  his  Object-holder,  144; 
on  mounting  Zoophytes,  618,  619. 

Mosses,  structure  of,  405-408  ; sexual 
apparatus  of,  408 — 410;  development 
of  spores  of,  408. 

Mother-of- Pearl,  structure  of,  670. 

Moths,  see  Lepidoptera. 

Moulds,  fungous,  383,  384. 

Mounting  of  objects,  254 ; in  Canada 
Balsam,  257,  258  ; in  cement-cells, 
258  ; in  deep  cells,  259. 

Mounting-Instrument,  Smith’s,  222. 

Microscope,  Field’s,  59,  60. 

Mounting-Plate,  221. 

Mouse,  hair  of,  778  ; cartilage  of  ear 
of,  795  ; vessels  of  toe  of,  814. 

Mouth  of  Insects,  740 — 744. 

Mucor,  385. 

Mucous  Membranes,  structure  of,  790  ; 
capillaries  of,  816. 

Miiller,  Dr.  Fritz,  on  Polyzoa,  653. 

Miiller,  Prof.  J.,  on  Radiolaria,  596  ; 
on  Echinoderm-larvm,  642 — 646. 

Muller’s  fluid,  for  hai-dening,  243. 

Muscardine,  of  Silk-worms,  377 — 379. 

Muscular  Fibre,  structure  of,  797 — 801; 
mode  of  examining  and  preparing, 
800  ; capillaries  of,  816. 

Musk-deer,haAv  oi,  777  ; minute  blood- 
corpuscles  of,  784. 

Mussel,  ciliary  action  on  gills  of,  689  ; 
development  of,  682. 

Mya,  structure  of  hinge- tooth  of,  672. 

Mycelium  of  Fungi,  382 — 387. 

Myliobates,  teeth  of,  771,  772. 

M yriapods,  haii's  of,  733,  734. 


Myriothela,  amoeboids  in,  610. 

Myxomycetes,  387 — 390. 

Nachet,  M.,  his  Stereoscopic  Binocular, 
33,  34  ; Stereo-pseudoscopic  Binocu- 
lar, 39 — 42  ; Binocular  Magnifier, 
58  ; Student’s  Microscope,  76 — 78  ; 
Chemical  Microscope,  95 — 97  ; Min- 
eralogical  Microscope,  836  —838 ; 
Erecting  Prism,  103;  Camera,  114  ; 
Porte-Objectif,  856. 

Nacre,  structure  of,  669,  670. 

Nais,  705,  706. 

Nassula,  teeth  of,  519. 

Navicellse  of  Gregarinida,  494. 

Naviculce,  356  ; movements  of,  339. 

Needles  for  Dissection,  224,  225. 

Nematoid  Eatozoa,  694,  695. 

N emeries,  larva  of,  702,  703. 

Nepa,  tracheal  system  of,  747. 

Nepenthes,  spiral  vessels  of,  438. 

Nervous  Tissue,  structure  of,  801 — 803; 
mode  of  examining,  803,  804. 

Net,  Collector’s,  263 — 265. 

Nettle,  sting  of,  456. 

Neuroptera,  circulation  in,  745,  749  ; 
wings  of,  750. 

Neutral-tint  Reflector,  115. 

Newt,  circulation  in  larva  of,  807. 

Nicol-Prism,  131. 

Nitella,  309. 

Nitzschiece,  343. 

Nobert’s  Test,  202,  203. 

Noctiluca,  506 — 511. 

Nodosaria,  568. 

Nonionina,  579. 

Nose-piece,  116. 

Nostochacece,  297. 

Nucleus,  of  Vegetable  cells,  270 — 273  ; 
of  Animal  cells,  765. 

Nudibranchs,  development  of,  683 — 
685. 

Numerical  Aperture  of  Objectives,  850. 

Nummulinida,  548,  576 — 587. 

Nummulite,  structure  of,  580 — 584. 

Nummulitic  Limestone,  580,  828,  829. 

Nuphar  lutca,  parenchyma  of,  425,  426. 

Oak,  galls  of,  755. 

Object-Glasses,  Achromatic,  principle 
of,  9 — 13  ; Angular  aperture  of,  10, 
192 — 195,  850;  Numerical  aperture 
of,  850;  construction  of,  14 — 18; 
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immersion,  18—20;  adjustment  of 
for  covering  glass,  15, 16;  165—168  ’ 

adaptation  of,  to  Binocular,  42 45  • 

working  distance  of,  192;  defining 
power  of,  192-194;  focal  depth  of, 
194;  increase  of,  with  Binocular,  45- 
resolving  power  of,  195  ; flatuess  of 

Voi  1 comparative  value  of, 

191—19/  Preface,  vi,  vii  ; different 
powers  of,  tests  for,  197 — 206  ; de- 

2oT*207^°^  magnifying  power  of, 

Object-Holder,  143,144. 

Objects,  mode  of  mounting,  dry,  214, 
218 ; in  Canada  balsam,  256,  257  • 
iu  preservative  media,  250—256  • in 
cells,  258  261  ; see  Opaque  and 
Iransparent  Objects. 

-- ^^^^abelling  and  preserving  of. 


; — collection  of,  263—265. 

Oblique  Illuminators,  123,  124, 

Ocelli  of  Insects,  735 — 737. 

Octospores  of  Fuci,  398. 

CEdogoniece,  305,  306. 

Oidiuvi,  386. 

Oil-globules,  microscopic  appearances 
of,  181,  182. 

Oil-immersion  Objectives,  19,  20,  851. 

Oleander, cntioh  of,  455;  stomataof,457. 

Oncidium,  spiral  cells  of,  433. 

Onion,  raphides  of,  435. 

Oogonia  of  Fucaceae,  398. 

Oolite,  structure  of,  799. 

Oospores,  274,  275  ; of  Volvox,  289  • 
of  Achlya,  300  ; of  Sphseroplea,  304, 
•305;  of  OEdogonium,  306;  of  Batra- 
chospermeffi,  308  ; of  Chara,  312;  of 
Fucaceae,  399. 


Opaque  Objects,  arrangement  of  Micro- 
scope for,  1 / 5 — 179;  modes  of  mount- 
ing, 214,  218. 

Operculina,  579,  580. 

Ophiocoma,  teeth  and  spines  of,  637. 

Ophioglossece,  prothallium  of,  417,  418. 

Ophiurida,  skeleton  of,  637  ; develop- 
ment of,  645. 

Ojdirydince,  522. 

Orhiculina,  551,  552. 

Orbitoides,  structure  of,  585,  587. 

Orbitolina,  574. 

Orbitolites,  structure  and  development 
of,  549,  553 — 558;  fossil,  823. 


Orbulma,  569. 

Orchideous  Plants,  433. 

Ord,  Dr.  W.  M.,  on  Calculi,  848. 
Ornitkorhynchus,  hair  of,  779. 
Orihoptera,  wings  of,  751. 

Osmic  acid,  uses  of,  243. 

Osmunda,  prothallium  of,  418  note. 
Oscillatoriaccce,  295,  297. 

Ostracece,  shells  of,  671—673. 
Ostracoda,  710. 

Otoliths  of  Gasteropods,  691;  of  Fishes, 
846. 

Ovipositors  of  Insects,  755,  756. 

Ovules  of  Phanerogamia,  422;  fertili- 
■ zatmn  of,464;  mode  of  studying,  461, 

Owen,  Prof.,  on  fossil  Teeth,  831,  8S2; 

on  fossil  Bone,  832,  833. 
Oxytriclia-iovm  of  Trichoda,  522—524 
Oyster,  shell  of,  672,  673. 

Pachymatisma,  spicules  of,  607. 
Pacinian  corpuscles,  803. 

Palates  of  Gasteropods,  368 — 371. 
Palm,  stem  of,  441,  442. 

Palmellacece,  291—293. 

Palmodictyon,  293. 

PalmoglcBa  macrococca,  life-histoiT  of 
276,  277. 

Papillae  of  Skin,  structure  of,  790,  803; 

capillaries  of,  816;  of  Tongue,  803. 
Parabolic  Speculum,  137. 

Parabolized  Gas-Slide,  148. 

Paraboloid,  126,  127;  immersion,  127, 
128. 

Paraffin,  imbedding  in,  232—234. 
Paramecium,  517;  contractile  vesicles 
of,  521;  binary  subdivision  of,  521; 
sexual  genera tiou  (?)  of,  526. 

Parasitic  Fungi  in  Animal  bodies,  377 
— 383 ; in  Plants,  385,  386. 

Parker,  Mr.  Jeffery,  on  Hydra,  610. 
Parhcria,  565 — 567. 

Passulus,  fungous  vegetation  in,  381. 
Paste,  Eels  of,  695. 

Pasteur,  M. , his  researches  on  ferments, 
374  ; on  pdbrine,  375. 

Patella,  palatal  tube  of,  679. 

Pearls,  structure  of,  671. 

Pebrine,  375. 

Pecari,  hair  of,  779. 

Pectcn,  eyes  of,  690  ; tentacles  of,  691. 
Pedalion,  535,  536,  542. 
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Pedesis,  Prof.  Jevons  on,  183. 

Pediastrece,  structure  of,  322—325; 
multiplication  and  development  of, 
323,  324;  varieties  of,  325. 

Pedicellarise  of  Echinoderms,  635. 

Pedicellina,  655. 

Pelargonium,  cells  of  petal  of, 460,461. 

Pelomyxa  palustrds,  488. 

Peneroplis,  545,  551. 

Penetrating  power  of  Oliject-glasses, 
194  ; increase  of,  with  Binocular,  45. 

PenicUlium,  385. 

Pentacrinoid  larva  of  Comatula,  646 — 
648. 

Pentacrinus,  skeleton  of,  637. 

Perennihrancldaia,  hone  of,  770 ; 
blood-corpuscles  of,  784,  785. 

Peridinium,  511,  512. 

Peristome  of  Mosses,  40.8 — 410. 

Peronospora,  386. 

Peraphora,  662,  663. 

Petals  of  Flowers,  structure  of,  460, 
461. 

Petrology,  Microscopic,  833 — 838. 

Petteukofer’s  test,  249. 

Phanerogamia,  distinctive  peculiari- 
ties of,  422,  423  ; elementary  tissues 
of,  423 — 440  (see  Tissues  of  Plants); 
Stems  and  Hoots  of,  440 — 453 ; 
Cuticles  and  Leaves  of,  453 — 460  ; 
Flowers  of,  460 — 465  ; Seeds  of, 
465—467. 

Phyllopoda,  712,  713. 

Picric  acid,  for  hardening,  243. 

Picro-aniline,  as  staining  agent,  248. 

Picro-carmine,  as  staining  agent,  246. 

PieridcE,  scales  of,  725,  727. 

Pigott,  Dr.  Koyston,  his  Aplanatic 
Searcher,  11  note  ; his  Micrometers, 
108  note;  on  angle  of  aperture,  193  ; 
on  scales  of  Insects,  729,  732. 

Pigment-cells,  791,  792;  of  Cuttle-fish, 
691,  692  ; of  Crustacea,  720. 

Pigmentum  nigrum,  791. 

Pilidium~\nxvu  of  Nemertes,  702. 

Pillischer,  Mr.,  his  International  Micro- 
scope, 72. 

Pilulina,  560. 

Pinna,  structure  of  shell  of,  666—669  ; 
fossil,  in  Chalk,  825. 

Pinnularia,  357. 

Pistillidia,  see  Archegonia. 

Pith,  structure  of,  424,  442. 


Placoid  scales  of  Fish,  776. 

Planaria,  696,  697. 

PlanorhuUna,  573. 

Plantago,  cyclosis  in  hairs  of,  431. 
Plants,  distinction  of,  from  Animals, 
266—268. 

Plasmodium,  of  Myxomycetes,  389  ; of 
Protomyxa,  471. 

Plate-glass  Cells,  216. 

Pleurosigma,  357  ; nature  of  markings 
on,  329 — 334 ; value  of,  as  Test, 
203 — 205  ; diverse  aspects  of,  174 
180;  diffraction -spectrum  of,  191 
Pluteus-larva.  of  Echinus,  644,  645. 
Plumules  of  Butterflies,  725,  726. 
Pocket  Microscope,  Beale’s,  92. 
Podophrya  quadripartita,  514,  515. 
Podura,  scale  of,  728—733  ; use  of, 
as  Test-object,  205,  206. 

Poisons,  detection  of,  848,  849. 
Polarization,  Objects  suitable  for, 
839—845. 

Polarizing  Apparatus,  131—134. 
Polistes,  fungous  vegetation  in,  379. 
Pollen-grains,  development  of,  461  ; 
structure  and  markings  of,  462 — 
464. 

Pollen-tubes,  fertilizing  action  of,  464. 
Polycelis,  697. 

Polyclinians,  659. 

Polycystina,  596,  599 — 602. 
Polygastrica,  see  Infusoria. 
Pulymorpliina,  568. 

Polyommatus  argus,  scale  of,  726 — • 
728. 

Polypes,  see  Hydra  and  Zoophytes. 
Polypide  of  Polyzoa,  650. 

Polypodium,  fructification  of,  412,  413. 
Polystomella,  577 — 579. 

Polythalamous  Foraminifera,  544 — 546. 
Polytoma  uvella,  501. 

Polytrema,  574. 

Polyzoa,  general  structure  of,  650 — 
657  ; classification  of,  655. 

Polyzoary,  650. 

Pond-Stick,  Baker’s,  263. 

Poppy,  seeds  of,  465. 

Popular  Microscope,  Beck’s,  82. 
Porcellanous  Foraminifera,  547,  549 
—558. 

Porcellanous  shells  of  Gasteropods,  676. 
Porcupine,  quill  of,  778. 

PoRiFEKA,  see  Sponges. 
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Portable  Binocular,  94—96. 
Potato-disease,  886. 

Powell  and  Lealand’s  Microscopes,  80, 
81,  90,  91 ; their  non-stereoscopic 
Binocular,  98;  their  Achromatic 
Condenser,  120,  121;  their  Light-, 
modifier,  ] 30 ; their  Oil-immersion 
objectives,  20  ; their  Vertical  Illumi- 
nator, 140. 

Prawn,  shell  of,  720. 

Preservative  Media,  250 — 253. 
Primordial  Utricle,  269,  427. 
Pringsheim,  Dr.,  his  observations  on 
\aucheria,  299;  on  Hydrodictyon, 
302;  on  CEdogonium,  307. 

Prismatic  Sbell-substance,  666—669. 
Prism,  Amici’s,  124  ; Nachet’s  Erecting, 
103 ; Weuham’s  Binocular,  35,  98  ; 
Stephenson’s  Binocular,  37  ; Camera 
Lucida,  112 — 115  ; Spectroscope, 
1.05;  Polarizing,  131.  132. 

Proboscis,  of  Bee,  742,  743  ; of  Butter- 
fly, 743,  744  ; of  Fly,  741,  742. 
Proteus,  blood-corpuscles  of,  784,  785. 
Prothallium  of  Ferns,  415 — 418. 
Protococcus,  life-history  of,  277 — 282, 
Protomyxa,  469 — 471. 

Protoplasm,  267  ; of  Vegetable  cell, 
268 — 273;  of  Animals,  764 — 766. 
Pbotophtta,  general  characters  of, 
267—272. 

Protophytic  Algre,  275—366. 

Protoph^ic  Fungi,  275,  367  ; rela- 
tion of,  to  Protozoa,  367  ; cultivation 
of,  145,  367. 

Pkotozoa,  468,  469;  their  relations 
to  Protophyta,  268. 

Pseud-embryo  of  Echinoderms,  642. 
Pseudu-navicellm  of  Grregarinida,  494. 
Pseudopodia  of  Rhizopods,  469 — 490; 

different  forms  of,  47 6.  ’ 

Pseudoscope,  31,  32. 

Pseudoscopic  Microscope  of  MM. 

Nachet,  39 — 42. 

Pteris,  fructification  of,  414 ; pro- 
thallium of,  415. 

Ptcro^ctyle,  bone  of,  832,  833. 

Puccinia,  385. 

Purpura,  egg-capsules  of,  683  ; de- 
velopment ot;  686—^689. 

Pycnogonidce,  707 — 709. 

Quadrula  symmetrica,  491, 


Quatrefages,  M.  de,  on  luminosity  of 
Annelids,  705. 

Quekett,  Prof.  J.,  his  Dissecting 
Microscope,  53,  54;  his  Indicator, 
112  ; on  Kaphides,  436  ; on  struc- 
ture of  Bone,  770,  832. 
Quinqueloculina,,  550. 

Radiating  Crystallization,  841,  842. 
Radiolaria,  595,  596  ; their  relation  to 
Heliozoa,  595  ; their  general  struc- 
ture, 597,  598;  their  classification, 
b98 — 600  ; collection  and  mounting 
of,  600—602. 

Rainey,  Mr.,  his  Light  modifier,  130; 

on  Molecular  coalescence,  845 — 847. 
Ralfs,  Mr.,  on  Desmidiacese,  312  note; 

on  Diatoniacese,  340  note. 

Ralph,  Dr.,  his  mode  of  mounting,  258. 
Ramsden’s  Micrometer,  108,  109. 
Raphides,  435,  436. 

Re-agents,  Chemical,  use  of,  in  Micro- 
scopic research,  249,  250,  848,  849. 
Red  Corpuscles  of  blood,  782—785. 

Red  Snow,  291. 

Reflection  by  Prisms,  2,  3, 

Reflex  Illuminator,  Wenham’s,  128. 
Refraction,  laws  of,  1 — 3 ; by  convex 
lenses,  4 — 7 ; by  concave  and 
meniscus  lense.s,  7,  8. 

Rein-deer,  hair  of,  777. 

Reophax,  564. 

Reptiles,  bone  of,  769,  770,  832  ; 
teeth  of,  772,  832  ; scales  of,  777 ; 
blood  of,  782 — 786  ; lungs  of,  817, 
8)8. 

Resolving  power  of  Object-glasses, 
188,  195. 

Reticularia,  476 — 480. 

Reticulated  Ducts,  438,  439. 
Rkahdammina,  562. 

Rhinoceros,  horn  of,  781. 

Rhizocarpece,  420. 

Rhizopoda,  475 — 491 ; their  subdivi- 
sions, 476,  477  ; their  relation  to 
higher  Animals,  764,  765. 
Rhizosolenia,  353. 

Rhizostoma,  622. 

Rliodospermea;,  399. 

Rhubarb,  raphides  of,  435. 
Rhynchonellida:,  structure  of  Shell  of, 
675. 

Rice,  starch-grains  of,  435. 
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Rice-paper,  424,  425, 

Ricinice,  760. 

Ring-Cells,  215. 

Ring-Net,  263—265. 

Rivet-Leiser  Microtome,  229 — 231. 

Roasted  Corn,  detection  of,  in  Chicory, 
467. 

Robin,  M.,  on  Noctiluca,  507  note, 
511  note. 

Rochea,  epidermis  of,  455. 

Rocks,  structure  of,  823 — 830,  834 — 
838. 

Roots,  structure  of,  451,  452  ; mode 
of  making  sections  of,  452,  453. 

Ross,  Mr.,  on  correction  of  Object- 
glass,  15,  16;  his  First-class  Micro- 
scopes, 87 — 90  ; his  Achromatic 
Condenser,  121 ; his  Students’ 
Microscope,  73,  74  ; his  Simple 
Microscope,  51 — 53';  his  Lever  of 
contact,  210  ; his  Compressor,  149, 
150. 

Ross-Model  for  Compound  Microscope, 
61,  62. 

Rotalia,  545,  546,  573 — 575. 

Rotaline  Foraminifera,  545,  573 — 576. 

Rotating  Microscope,  Browning’s,  78. 

Rotifer,  anatomy  of,  532 — 535  ; repro- 
duction of,  535 — 537  ; tenacity  of 
life  of,  537 ; occurrence  of,  in  leaves 
of  Sphagnum,  411,  530. 

Rotifera,  general  structure  of,  529 — 
542  ; reproduction  of,  535 — 537  ; 
desiccation  of,  537  ; classification  of, 
538—542. 

Royston-Pigott,  Dr.,  see  Pigott. 

Rush,  stellate  parenchyma  of,  425,  426. 

Rust,  of  Corn,  385, 

Rutherford,  Prof.,  his  freezing  Micro- 
tome, 229,  234. 


Sable,  hair  of,  777,  778. 

Saccammina,  560.^ 

Saccharomyces,  375. 

Saccolobium,  spiral  cells  of,  433. 
Safety-stage,  Stephenson’s,  141. 
Salpingoeca,  505. 

Salter,  Mr.  Jas.,  on  teeth  of  Echinida, 
635,  636. 

Salts,  crystallization  of,  839 — 845. 
Salvia,  spiral  fibres  of  seed  of,  433. 


Salycylic  Acid,  as  preservative,  251. 

Sand-V)asp,  integument  of,  724. 

Sandy  tests  of  Foraminifera,  558 — 568. 

Sarcina  ventriculi,  377. 

Sarcode,  of  Protozoa,  266  note,  267. 

Sarcoptes  scabiei,  759,  760. 

Sarsia,  615. 

Saw-flies,  ovipositor  of,  755,  756. 

Scalai-iform  ducts  of  Ferns,  412,  438. 

Scales,  of  cuticle  of  Plants,  455,  456. 

of  Fish,  774—776. 

of  Insects,  725 — 735  ; their  use 

as  Test-objects,  199 — 206. 

of  Reptiles  and  Mammals,  777. 

Schiek’s  Compressor,  149. 

Schizomycetes, 367 — 373;  their  Zymotic 
action,  373 — 5. 

SchizonemecB,  357,  358. 

Schultz’s  test,  249, 

Schultze,  Pi'of.  Max.,  on  Protoplasm, 
266  note;  on  movement  of  fluid  in 
Diatoms,  326  ; on  surface-markings 
of  Diatoms,  331  note. 

Schulze,  Mr.  A.,  on  use  of  Illuminators, 
129. 

Schwann,  doctrines  of,  763. 

Schwendener,  on  Lichens,  392. 

Scissors,  for  microscopic  dissection,  224; 
for  cutting  thin  sections,  225. 

Sclerogen,  deposit  of,  on  walls  of  Cells, 
431,  432. 

Scolopendrum,  sori  of,  414. 

Sea  Anemone,  624,  625. 

Section-cutting  Instruments,  226 — 231 . 

Section-lifter,  Marsh’s,  245. 

Sections,  thin,  mode  of  making,  of  Soft 
substances,  225 — 235  ; modes  of 
mounting,  255-257  : of  Hard  sub- 
stances, 235 — 239  ; of  Foraminifera, 
236  note  ; of  Leaves,  460  ; of  Wood, 
452,  453  ; of  Echinus-spines,  638, 
639  ; of  Insects,  724  ; of  Bones  and 
Teeth,  770  ; of  Hairs,  780. 

Seeds,  testie  of,  465 — 467  ; spiral  cells 
in,  433. 

Segmentation  of  Yolk-mass,  683,  686. 

Selaginellece,  420. 

Selenite  Stages,  132 — 134. 

Sepiola,  eggs  of,  692. 

Sepiostaire  of  Cuttle-fish,  677,  843. 

Serialaria,  colonial  nervous  system  of, 
653. 

Serous  Membranes,  structure  of,  790, 
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Serpentine-Limestone,  587 — 593  830 
Scrlularidce,  617 — 619.  ’ 

Sexual  Generation,  lowest  forms  of  in 
Protophytes,  275,  276,  282,  283;’  in 
Infusoria,  499 — 503. 

Shadbolt,  Mr.,  on  Araclmoirliscus,  351  ; 
his  Annular  condenser,  126  note;  his 
Turn-table,  219,  220. 

Shark,  teeth  of,  771,  772  ; scales,  &c. 
of,  776. 

Shell,  of  Crustacea,  719 — 720;  of 
Echinida,  630,  631  ; of  Foraniinifera, 
547 — 549  ; of  Mollusca,  666—678  ’• 
Fungi  in,  382.  ’ 

Shnmp,  shell  of,  720. 

Side  Illuminators,  135—137. 
Side-Reflector,  Beck’s,  137,  138, 

Siebert  and  Kraft's  Dissecting  Mici'o- 
scope,  54,  55. 

Siebold,  Prof.,  on  reproduction  of  Bee 
758.  ’ 

Silica  crack-slide,  180,  193,  843. 
Siliceous  Epiderms,  419,  456. 

Sponges,  606,  608 


Silk- worm  diseases,  375—378. 

Silver,  crystallized,  840. 

Simple  Microscope,  optical  principles 
of,  21 — 25;  various  forms  of,  50 — 60. 
Siphoraccce,  297 — 299. 

Siricid'ce,  ovipositors  of,  755,  756. 

Skin,  structure  of,  789,  790  ; papillce 
of.  802.  803,  816. 

Slack,  Mr.,  on  Pinnularia,  357;  on 
artificial  Diatoms,  331  note;  his 
Diaphragm-Eyepiece,  112;  his  Light- 
inodifier,  130  ; his  Stage-vice,  143  ; 
his  Compressors,  150,  151  ; his 
Silica  crack-slide,  180,  193 his 
crystallizations  from  silicated  solu- 
tions, 843. 

Sladen,  Mr.  P.,  on  preserving  Echino- 
derm  larvae,  646. 

Slider- Forceps,  221. 

Slides,  Glass,  208,  209. 

-Wooden,  218. 

rudimentary  shell  of,  676;  p.alate 
of,  678,  679  ; eyes  of,  690. 

Smith,  Mr.  Jas.,  his  Mounting  Instru- 
ment, 222  ; his  use  of  Bull’s-eye 
Condenser,  136,  137. 

Smith,  Dr.  Lawrence,  (U.S.),  his  In- 
verted Microscope,  96. 

Smith,  Prof.  H.  L.  (U.S.),  on  Bino- 


cular Eyepiece,  39  ; his  vertical  I), 
lunnnator,  140;  his  cells  for  dry- 
mounting, 214;  on  mounting  Dia- 
toms, 366. 

Sinith,  Prof.  J.  Edwards  (U.S.)  on 
developiTiont  of  ffidogonium,  305* 
on  wide-angled  Objective.s,  Preface’ 
viii,  ix.  ’ 

Smith,  Prof.  W.,  on  Diatomaceae,  203 
326,  360  note.  ’ 

Smith  and  Beck,  see  Beck,  Alessrs. 
Smut,  of  Wheat,  385. 

Snail,  palate  of,  678,  679  ; eyes  of, 
o y u« 

Snake,  lung  of,  818. 

Snow-crystals,  839. 

Social  Ascidians,  661 — 663. 
Soemmering’s  speculum,  113. 

Sole,  skin  and  scales  of,  774,  77.5. 

Sollitt,  Mr.,  on  Diatom-tests,  203. 

Soiby,  Mr.,  on  skeleton  of  Echinoderms, 
638  7iote;  his  Spectroscope  Kre- 
piece,  105 ; his  Alicroscopic  exami- 
nation  of  Rocks,  835,  836  Twte. 

Soredia  of  Lichens,  393. 

Sori  of  Ferns,  412 — 414. 

Spatangidium,  350. 

Spantavgus,  spines  of,  634. 

Spectacles,  for  Dissection,  223. 
Spectro-AIicrometer,  Browning’s,  106. 
Spectroscope  Eye-piece,  105. 

Spectroscopic  Analysis,  principles  of, 
104—108. 

Speculum,  Parabolic,  137,  138. 
Spermogonia  of  Fungi,  384  ; of  Lichens, 
394. 

Sphacelaria,  396. 

Sphceria,  development  of,  within 
Animals,  380. 

Spharoplca,  sexual  reproduction  of, 
304. 

Sph  cerosi ra  volvox,  2 9 0. 

Splicer ozosma,  317. 

Sphoerozoum,  601. 

SphagnaceoB,  peculiarities  of,  41 0 — 4 1 2 ; 
occurrence  of  parasites  in  leaf-cells  of, 
391,  530. 

Spherical  Aberration,  9,  10 ; means 
of  reducing  and  correcting,  10,  11. 
Spicules  of  Sponges,  606 — 609 ; of 
A Icyonian  Zoophytes,  626;  of  Doris, 

676. 

Spiders,  eyes  of,  761 ; respiratory 
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organs  of,  761  ; feet  of,  761 ; spin- 
ning apparatus  of,  761,  762. 

Spines  of  Echinida,  632,  633  ; mode  of 
making  sections  of,  638 — 640  ; of 
Spatangus,  634. 

Spinning  apparatus  of  Spiders,  761, 
762. 

Spiracles  of  Insects,  747 — 7 49. 

Spiral  Cells  of  Sphagnum,  411  ; of 
Orchidem,  433;  of  anthers,  462. 

Crystallization,  843. 

Ducts,  438,  439. 

Fibres,  433. 

Vessels,  437  ; in  petals,  461. 

Spiriferidce,  Shell-structure  of,  675. 

Spirillina,  568. 

Spirillum,  372. 

Spirolina,  551. 

Spiroloculina,  550. 

Sponges,  general  structure  and  relations 
of,  603,  604  ; reproduction  of,  605  ; 
skeleton  of,  605—609 ; fossil,  826, 
827. 

Spongilla,  604,  608. 

Spongiole  of  Root,  451. 

Spores,  different  kinds  of,  274 — 276  ; 
of  Fungi,  general  diffusion  of,  383 — 
386;  of  Hepaticie,  405;  of  Mosses, 
410;  of  Fern.s,  414 — 418;  of 
Equisetacese,  419; — see  Oospores  and 
Zygospores. 

Spot- Lens,  125. 

Spring-Clip,  222. 

Press,  222. 

— ^ Scissors,  224. 

Squirrel,  hair  of,  778. 

Stage-centering  adjustment,  92. 

Stage,  Glass,  76. 

Stage,  Safety,  141, 

Stage-Forceps,  142. 

Stage-Plate,  glass,  144, 

Stage- Vice,  143. 

Staining  Processes,  244 — 249. 

Stanhope  Lens,  24. 

Stanhoscope,  24. 

Star-Anise,  seed-coat  of,  431. 

Starch-granules,  in  Cells,  434,  435  ; 
appearance  of,  by  Polarized  light, 
434. 

Star-fish,  Bipinnarian  larva  of,  643,  644. 

Stato-spores,  275  note;  of  Volvox,  290  ; 
of  Hydrodictyon,  302. 

Stawi'oatrum,  prominences  of,  313 ; 


self-division  of,  316  ; varieties  of, 
325. 

Stauroneis,  357, 

Steenstrup,  Prof.,  on  Alternation  of 
generations,  623. 

Stein,  Dr,  his  doctrine  of  Acineta 
forms,  516  note,  529  note  ; his 
researches  on  Infusoria,  542  note. 

Steinheil  Doublet,  24. 

Stellaria,  petal  of,  461. 

Stellate  cells,  of  Rush,  425,  426 ; of 
Water-lily,  425,  426. 

Stemmata  of  Insects,  737. 

Stem,  440 ; Monocotyledonous,  struc- 
ture of,  440,  442  ; Exogenous,  struc- 
ture of,  442 — 450  ; development  of, 
450,  451  ; mode  of  making  sections 
of,  452,  453. 

Stentor,  519  ; its  conjugation,  528. 

Stepkanoceros  Eichornii,  538,  539. 

Steplianosphcera,  289  note,  290  note. 

Stereoscope,  29. 

Stereoscopic  Spectacles,  223. 

Vision,  principles  of,  29 — 

32  ; application  of,  to  Compound  Mi- 
croscope, 32 — 46  ; to  Simple  Micro- 
scope, 58,  59. 

Stephenson,  Mr.,  his  suggestion  of 
homogeneous  immersion  Objectives, 
19  ; on  diffraction-doctrine,  187  — 
191 ; his  Binocular  Microscope,  36 — 
39;  his  safety- stage,  141 ; on  mount- 
ing in  bisulphide  of  carbon,  334  ; 
on  Coscinodiscus,  348. 

Stewart,  Mr.,  on  internal  skeleton  of 
Echinodermata,  640. 

Stick-net,  264. 

Stigmata  of  Insects,  747,  748. 

Stings  of  Plants,  structure  of,  456  ; of 
Insects,  755,  756. 

Stokes,  Prof.,  on  Absorption-bands  of 
blood,  107,  108. 

Stomata,  ofMarchantia,  402  ; of  Flower- 
ing Plants,  456,  467. 

Stones,  for  polishing  Sections,  237. 

Stones,  of  Fruit,  structure  of,  432. 

Strassburger,  Dr.,  on  cell-division,  765 
note. 

Striatellece,  345. 

Student’s  Microscopes,  principles  of 
construction  of,  66 — 68  ; Objectives 
suitable  for,  68 — 70;  various  forms 
of,  70-80. 
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Suctorial  Crustacea,  716,  717. 
Suctorial  Infusoria,  613. 

Sulphate  of  Copper  and  Magnesia, 
radiating  crystallisiatiou  of,  842. 
Sulphate  of  Copper,  spiral  crystalli- 
zation of,  843. 

Sulphuric  Acid,  as  test,  249. 

Sundew,  hairs  of,  456. 

Sunk  Cells,  217. 

Surirella,  344  ; conjugation  of,  337  ; 
use  of,  as  test,  205. 

Swift,  Mr.,  his  Challenge  Microscope, 
84,  85  ; his  Portable  Binocular,  95, 
96  ; his  swinging  Sub  stage,  85  7iote; 
his  combination  Sub-stage,  133,  134  ; 
his  Aquatic  box,  147;  his  Mioro- 
. scope  lamp,  156;  his  Wale  Students’ 
Microscope,  856. 

Synapta,  calcareous  skeleton  of,  641. 
Syncoryne,  615,  616. 

Syncrypta,  290. 

Synedrece,  344. 

Syringe,  small  glass,  152  ; uses  of, 
168,  245,  249,  254,  260,  688  note, 
811. 

Syringe,  Injecting,  811. 

Tahanus,  ovipositor  of,  756. 

Table  for  Microscope,  154. 

Tadpole,  pigment-cells  of,  792 ; circu- 
lation in,  806 — 810. 

Tcenia,  693,  694. 

Tardigrada,  541. 

Teeth,  of  Echinida,  635,  636  ; of  Ophio- 
coma,  637  : of  Mollusks,  678—681  ; 
of  Leech,  706;  of  Vertebrata,  struc- 
ture of,  771—773  ; fossil,  831,  832  ; 
mode  of  making  sections  of,  770. 
Tendon,  structure  of,  788. 
Tenthredinidce,  ovipositor  of,  755. 
Terebella,  circulation  and  respiration 
in,  698,  699. 

Terebratula,  shell-structure  of,  673 — 
675;  muscular  fibre  of,  800. 
Terpsinoe,  346. 

Tests,  of  Rhizopods,  489 — 491  ; of 
Foraminifera,  558 — 568. 

Test-Liquids,  249,  250. 

Test-Objects,  197  ; for  low  powers. 
198,  199  ; for  medium  powers,  199 — 
201  ; for  high  powers,  201 — 206. 
Tetramitus  rostratus,  502,  503. 
Tetraspores  of  Ceramiaceae,  400. 


Textularia,  546,  572. 

Thalassicolla,  600,  601. 

Thallus  of  lower  Ci’vptogamia  293 
393,395.  ’ 

Thaumantias,  619. 

Thecae,  of  Ferns,  414  ; of  Equisetaceae 
419.  ’ 

Thin  Glass,  209—211. 

Thomas,  Mrs.  H.,  on  Cosmarium,  316. 
Thomas,  Mr.  R.,  on  microscopic  crys- 
tallization, 842. 

Thompson,  Mr.  J.  V.,  on  development 
of  Comatula,  648  ; on  metamorphosis 
of  Cirrhipeds,  717 ; on  metamor- 
phosis of  Cru.stacea,  720. 

Thomson,  Sir  Wyville,  on  Globigerina, 
569  ; on  Siliceous  Sponges,  608  ; on 
development  of  Pentacrinoid  larva, 
649  ; on  Chalk-formation,  825,  826.' 
Thread-cells  of  Zoophytes,  624,  625. 
Thrush,  fungous  vegetation  of,  382. 
Thurammina,  563. 

Thwaites,  Mr.,  on  conjugation  of  Dia- 
toms, 337,  338  ; on  filamentous  ex- 
tensions of  Palmelleas,  293  note. 

Ticks,  759. 

Tinea  favosa,  fungus  of,  381. 

Tinoporus,  573,  574. 

Tipula,  larva  of,  748. 

Tissues,  Elementary,  of  Animals,  mi- 
croscopic study  of,  763 ; formation 
of,  764 — 767;  see  Blood,  Bone,  Ca- 
pillaries, Cartilage,  Epidermis,  Epithe- 
lium, Fat,  Feathers,  Fibrous  Tissues, 
Glands,  Hair,  Horn,  Mucous  Mem- 
branes, Muscle,  Nervous  Tissue,  Pig- 
ment-cells, Scales,  Serous  Membranes, 
Teeth. 

Tissues,  Elementary,  of  Plants,  423  ; 
Cellular,  423—436;  Woody,436,437 ; 
Vascular,  438,  439;  dissection  of, 
439,  440  ; preparation  of,  241. 

Tolies,  Mr.,  his  Binocular  Eye-piece, 
39  ; his  Amplifier,  100  ; his  vertical 
Illuminator,  141. 

Tomopteris,  702 — 704. 

Tongues  of  Gasteropoda,  078—681 ; of 
Insects,  741 — 743. 

Torula  ccrevuice,  375,  376. 

Tous-les-mois,  Starch-grains  of,  435. 
Tow-net,  264. 

Tracheae  of  Insects,  746 — 749;  mode 
of  preparing,  749,  750. 
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cyclosis  ia  hairs  of,  429, 

Transparent  Objects,  arrangement  of 
illicroscope  for,  168—172;  various 
modes  of  illuminating,  172 — 1.75. 

Travelling  Microscopes,  93,  94. 

Trematode  Entozoa,  696. 

^iceratium,  353  ; markings  on,  330. 

Inchoda,  bristles  of;  519 ; metamor- 
phosis of,  524—526. 

Trichogyne,  of  Lichens,  394  ; of  Flo- 
ridem,  401. 

Trilobitc,  eye  of,  830. 

Tnloculina,  550. 

Triple  Staining,  248. 

Trochus,  palate  of,  679. 

Trout,  circulation  in  jmungof,  807 

Tube-cells,  215. 

Tubular  Nerve-substance,  801 — 803. 

Tubularia,  616. 

Tunicat.4,  general  organization  of,  657, 
658  ; see  Ascidians. 

Turbellaria,  696 — 698. 

Turn-tables,  219,  220. 

Tyndall,  Prof.,  on  Bacteria,  &c..  373, 
374,  383. 

Ulvaceoe,  293 — 295. 

Unicellular  nature  of  Infusoria,  498. 

Unicellular  Plants,  274. 

Unionidce,  shells  of,  671 — 673. 

Uredo,  385. 

Urns  of  Mosses,  408. 

Uvella,  280. 

Vacuoles,  270 ; microscopic  appearances 
of.  182. 

VaUisneria,  cyclosis  in,  427,  428. 

Vampyrella,  471 — 473. 

Van  Beneden,  Prof.  Ed.,  on  gigantic 
Gregarina,  494. 

Vanessa,  haustellium  of,  744. 

Variation,  tendency  to,  in  Desmidiacere, 
324  ; in  Diatoinacem,  337  ; in  For- 
aminifera,  551,  558,  580  ; in  Poly- 
cj’stina,  598,  600  note. 

Varnishes  and  Cements,  211 — 214. 

Vaucheria,  zoospores  of,  298  ; sexual 
reproduction  of,  299. 

Vegetable  Ivory,  432. 

Vegetable  Kingdom,  differentiated  from 
Animal,  266 — 278. 

Vegetable  substances,  preparation  of, 
241. 

O 

o 


Ventriculites,  826. 

Vermilion  injections,  812,  813. 
Vertebrata,  elementary  structure  of, 
762,  (see  Tissues);  blood  of,  782— 
786  ; circulation  in,  804—810. 
Vertical  Illuminators,  140,  141. 
Vesicular  Nerve  Substance,  801. 

Vessels  of  Plants,  437 — 439. 

Vibracula  ofPolvzoa,  657. 

Vibrio,  371,  372. 

Villi  of  intestine,  injections  of,  814. 
Vine-disease,  886. 

Vinegar,  Eels  of,  695. 

Vitreous  Foraminifera,  547  54, q 

568—592.  ’ ’ 

Volvo.r,  structure  of,  283—286  ; de- 
velopment and  multiplication^  of, 
286,  287;  generation  of,  287 — 289; 
ammboid  state  of,  287—289.  ' 

Vorticella,  518,  519,  521;  encysting 
process  in,  523  ; conjugation  of,  528. 

Wale  s New  Working  Microscope,  74 
—76. 

Wallich,  Dr.,  on  making  sections  of 
Foraminifera,  236  note;  on  Diatoms, 
328  note,  331  note;  on  Coccospheres, 
492;  on  nucleus  in  Gromia,  477; 
on  ^ Globigerinre,  569 ; on  Poly- 
cystina,  600  note. 

Warts,  structure  of,  792. 

AVater-Bath,  221. 

Water-immersion  Objectives,  18  19 
850—854.  ’ 

Water-Lily,  stellate  cells  of,  425,  426  • 
leaf  of,  459.  ’ 

Water-newt,  circulation  in  larva  of,  807. 
AA''ater- Vascular  system,  of  Rotifera 
535  ; of  Planaria,  697.  ’ 

AVatson,  Messrs.,  their  new  form  of 
Microscope,  855,  856. 

Weber’s  Annular  Cell,  147. 
AYebster-Condenser,  121,  122. 

AVeuham,  Mr.,  his  new  Achromatic 
combination,  17 ; his  suggestion  of 
homogeneous  immersion,  19  ; his 
Binocular  Microscope,  34—36  ; his 
Non-Stereoscopic  Binocular,  98  ; his 
Disk-illuminator,  123  ; his  Parabolic 
Illuminator,  126,  127;  his  Keflex 
Illuminator,  128,  129;  on  adjust- 
ment of  Object-glasses,  166  ; his  ob- 
servations on  rieurosigma,  331  7iofe  ■ 


882 


INDEX. 


on  Cyclosis,  429—431  ; on  Podur 
scale,  732. 

Whalebone,  structure  of,  782. 

Wheat,  blights  of,  385,  386,  695. 

Wlieatstoue,  Sir  C.,  his  invention  of  the 
Stereoscope,  29—31  ; of  the  Pseudo- 
scope, 31,  32. 

Wheel-animalcules,  see  Ectifera. 

White-cloud  Illuminator,  130. 

White  Corpuscles  of  blood,  784 — 786. 

White  Fibrous  tissue,  787,  788. 

Whitney,  Mr.,  on  circulation  in  Tad- 
pole, 807—810. 

Williamson,  Prof.  W.  C.,  on  Yolvox, 
289  note;  on  shells  of  Crustacea,  719 
note;  on  scales  of  Fishes,  775,  776  ; 
on  Coal-plants,  821;  on  Levant-mud, 
823,  824. 

Wings  of  Insects,  750—752. 

Winter-eggs,  of  Eotifera,  537  ; of  Hydra, 
613  ; of  Entoraostraca,  713. 

Wollaston,  Dr.,  his  Camera  Lucida,  112. 

Wood,  of  Exogenous  steins,  443 — 445. 

Woodward,  Col.  Dr.,  his  Prism,  124 ; 
his  resolution  of  Amphipleura  pellu- 
cida,  204  ; of  Surirella  gemma,  205  ; 
on  scale  of  Gnat,  185;  on  Podura- 
scale,  732. 

W oody  Fibre,  436  ; glandular,  of 
Conifers,  437. 

Working-distance  of  Objectives,  192. 

Wormley,  Dr.,  on  Micro-Chemistry, 
848,  849. 

Wyth’s  Amplifier,  101. 


Xanthidia  of  Flints,318  note,  872. 
Yeast-plant,  375,  376. 

Yellow  Fibrous  tissue,  788. 

Yucca,  epidermis  of,  453  : stomata  of, 
457. 


Zeiss’s  oil-immersion  Objective!?,  19,  20  ; 
his  adjusting  Low-power,  161,  193  ; 
liis  Sub-stage  Condenser,  122  note. 

Zentmayer,  Mr.,  on  defining  power, 
193  note;  his  swinging  tail-piece, 
73,  89  ; his  glass  stage,  76. 

.Zom-larva  of  Crab,  720,  721. 

Zoantharia,  624. 

Zoorjlcea,  368. 

Zoophyte-Trough,  148. 

Zoophytes,  609—627  ; see  Actinozoa, 
Alcyonaria,  and  Hydrozoa. 

Z’oospores,  275  note;  of  Protococcus, 
279,  280;  of  Ulvacem,  294,  295  ; of 
Vaucheria,  298;  of  Achlya,  300; 
of  Confervaceae,  304  ; of  Chastophora, 
307 ; of  Pediastrece,  323  ; of  Fucacese, 
399. 

Zygnemacece,  282,  283. 

Zygospores,  275  ; of  Conjugateae,  277, 
283  ; of  Desmidiacese,  318,  319;  of 
Diatomacese,  337,  338. 

Zygosis  of  Actinophrys,  492;  of  Amoeba, 
488  ; of  Gregarina,  495. 

Zymotic  action  of  Bacillus- organisms, 
373  -375. 


EERATUM. 

The  first  sentence  in  the  Note  to  p.  195  should  run  thus  : — 

The  Author  is  informed  by  Prof.  Abbe,  that  the  ‘penetration’  of  Objectives 
decreases  in  a corresponding  ratio  with  the  increase  of  their  respective  Numerical 
Apertures  ; or,  when  Objectives  of  the  same  class  are  compared,  with  the  increase 
in  the  sines  of  their  re.spective  semi-angles  of  aperture. 
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all  the  Hospitals  in  the  United  Kingdom)  can  be  used  w-ith  Ice 
or  Ether.  Professor  Groves’  Ether  Spray  has  lately  been  added 
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Xiondon,  1851.  Paris,  1855.  Z.ondon,  1862. 

Vienna,  1873 — Two  Prize  Medals  and 

the  IMPERlAIi  FRANCIS  JOSEPH  ORDER. 

Paris,  1878 — Two  Prize  Medals 
FOR  EXCEXiZiENCE  AND  CHEAPNESS. 

M.  PILLISCHER, 

#ptkian  anit  of  Sritntifit  litstamtnts. 

PILLISCHER’S  New  “International”  Microscope,  as 
supplied  to  the  principal  Hospitals  and  Universities.  The  best 
and  most  suitable  Instrument  for  Histological  and  all  other 
kinds  of  research £7  10s.,  £10  10s.,  and  £14 

PILLISCHER’S  New  “International”  Microscope,  with 
improved  Mechanical  Stage  and  Appliances  ....  £21 

Ditto  with  Monocular  and  Binocular £25 

PILLISCHER’S  First-class  Microscopes,  complete,  with 
Eye-pieces  and  Objectives from  £20 

Microscopic  Preparations  (Normal  and  Pathological)  of 
Human  and  Comparative  Subjects,  in  great  variety,  from 
Is.  Qd.  each. 

Dissecting  Instruments,  Mounting  Materials  and  Appliances 
in  great  variety,  at  Reduced  Prices. 

PILLISCHER’S  Illustrated  Catalogue  of  Microscopes, 
Object  Glasses  and  Appai*atus,  also  of  all  kinds  of  Scientific 
Instruments,  will  be  sent  free  on  application. 


88,  New  Bond  Street,  W,,  London. 


HENRY  CROUCH, 

66,  BARBICAN,  LONDON,  E.C., 

MANUFACTURER  OF  MICROSCOPES, 

OBJECTIVES,  AND  ALL  ACCESSORIES. 


AGENTS  IN  AMERICA: 

messes.  JAMES  W.  QUEEN  & CO., 

924,  CHESTNUT  STREET,  PHILADELPHIA. 

Fully  Illustrated  Cataloytees  of  Microscopes,  Telescopes,  ttc.  etc.,  on 
ap/plication,  {Mailed  Abroad  Free.) 


HENRY  CROUCH, 

BARBICAN  OPTICAL  WORKS, 


ee,  BARBICAN,  LONDON,  E.C. 
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